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The term "statistically significant' appears often in
scientific literature--notably and sometimes confusingly
in sampling studies that hold implications for public
policy. Understanding its narrow meaning, as an element
in the interpretation of degrees of scientific proof, is
essential to grasping the import of a scientific state-
ment bearing on public policy.

Generally, a sampling result or experimental result is
deemed "statistically significant'" when the calculated
probability of its being solely an artifact of chance is
below a specified low value, Many scientists disagree on
what that low value should be. Customarily, many regard
as ''statistically significant" a result for which the
probability of occurrence as a consequence of pure chance
is less than five percent (the "0.05 probability level').
This concept is intended to reduce the likelihood that a
result may be interpreted as attributable to factors
under study when it may be, in fact, the happenstance of
a random distribution.

(Adapted from the National Academy of Sciences' 'News
Report,' Mid-June, 1976, v. XXVI, no. 8, p. 6)
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WORK TO DATE

This is the third in a series of annual reports describing field
studies in environmental geochemistry of the western energy regions.
While the original focus of the work was on coal (and our primary interest
remains there), the work has been expanded to include studies in the oil
shale region of western Colorado, northeastern Utah, and southwestern
Wyoming. In the oil shale work, we have established a fruitful working
relationship with Ronald W. Klusman and Charles D. Ringrose of the Depart-
ment of Chemistry and Geochemistry, Colorado School of Mines, Golden,
Colorado. TFurther, because the western United States contains economic
quantities of uranium as well, we intend to begin assessing the geochemical
impact of uranium mining and milling on the trace-element character of the
landscape. Field work, underway or completed in all these subject areas,
is summarized in figure 1.

Work in the Powder River Basin is nearly complete. Most of the
field collections throughout the Northern Great Plains are complete,
although much of the laboratory analysis has not yet been received. A
few studies have been initiated in the oil shale region and in Wyoming
basins other than the Powder River Basin. Field collections adjacent to
four coal-fired, electric generating plants are complete although, again,
not all of the laboratory results have been received.

Background geochemical studies in rocks, soils, sediments, vegeta-
tion, and water constitute the core of our work in the western energy
regions. Collectively, they comprise an attempt to define and quantify
the regional geochemical background or "baseline" in the area. We have
found it useful to define a geochemical baseline in terms of a reasonable
range of a chemical property rather than a single value (U.S. Geological
Survey, 1974b, p. 6-13; Tidball and Ebens, 1976). 1In fact, given the
geochemical variability inherent in the natural landscape, a variety of
summary properties may be of use in measuring or monitoring geochemical
change. Some of these are discussed on the inside cover of this report.

Summary data of various kinds occur throughout the body of this report,
and collective summaries of probable upper limits of element concentration
expected in a variety of landscape materials in the Powder River Basin,
the Northern Great Plains, and the 0il Shale Region are given in Appendices
I, II, and TIT. Such limits, although informative of natural geochemical
conditions, are of limited use in establishing trace-element hazards. A
chemical hazard is a difficult concept to define, but however defined, a
fairly extensive survey of the literature in Appendix IV strongly suggests
that an element hazard cannot be identified without reference to a specific
plant or animal type.
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Map unit

Figure 1 -- EXPLANATION

Material sampled

Reference

1. Northern Great

2. Powder River
Basin

3. Bighorn, Wind
River Basins

4, 0il Shale
Region

5. Western United
States

O

D

> D

Sandstone, shale
Soil

Stream sediments
Ground water
Wheat

Sandstone, shale
Soil, soil parent, sagebrush,
lichen, grass

Sediments (Powder River)

Soil

0il shale
Soil
Stream sediments

Sagebrush (west of line)

Strip-mine spoils, sweetclover,
wheatgrass
Mines: 1. Dave Johnston; 2.
Welch; 3. Big Sky: 4. Savage;
5. Beulah; 6. Velva; 7. Kincaid;
and 8. Utility.

Shale, cored overburden (Cores:
1. Bear Creek; 2. Otter Creek;
3. Dengate; 4. Dunn Center; 5.
Estevan.)

Ground water

Vegetation (S, sagebrush; M,
mixed feed grains)

Coal-fired powerplants (C,

Colstrip; J, Jim Bridger; D,
Dave Johnston; F, Four Corners).

Uranium mill

This report, p.
This report, p.
This report, p. 14-21
This report, p. 86-93
This report, Appendix II.

10-13, 94-100
57-81

This report, p. 10-13, 94-100
(See U.S. Geol. Survey,

1974, 1975; Connor, Keith,
and Anderson, 1976;

Tidball and Ebens, 1976.)
This report, p. 30-36

(No data as yet)

This report, p. 48-56

This report, p. 101-111
This report, p. 121-130
(No data as yet)

This report, p. 4-9, 82-85

(See U.S. Geol. Survey,
1973)

This report, p. 10-13

(See U.S. Geol. Survey,
1974, 1975.)

(No data as yet)

This report, p. 22-29, 37-47,
112-120., (See also U.S. Geol.
Survey, 1974, 1975; Connor,
Keith, and Anderson, 1976)

(No data as yet)



MOLYBDENUM IN SWEETCLOVER GROWING ON MINE SPOILS
by James A. Erdman and Richard J. Ebens

Introduction

New environmental regulations governing the strip-mining of coal
on federally owned lands in the West contain mining and reclamation
performance standards designed to insure that miners leave the land in
at least as good condition as they found it (Holden, 1976). The area
of the Northern Great Plains within the lignite and subbituminous regions
is predominantly rangeland although dryland cropping--principally small
grain production--is also an important agricultural activity. Thus, the
intent of these reclamation standards is to assure the rehabilitation of
surface-mined lands for agricultural production, providing such areas
had been rangeland or cropland befors mining began.

Most assessments of the possible geochemical alteration of surface-
mined lands deal with revegetation problems; that is, attempts to provide
plant cover as quickly as possible in order to minimize soil erosion.

(See, for example, Sandoval and others, 1973; Berg and Vogel, 1973.)

Such problems are of immediate and valid concern, but altered physical
properties or changes in trace element concentrations that may prove
deleterious or harmful to livestock ranging on the reclaimed lands must
also be considered. Because of our experience with adverse effects of

a clay-mining operation on cattle in Missouri (Ebens and others, 1973),

we set out to examine the element composition of coal-mine spoil materials
and sweetclover (Melilotus officinalis (L.) Lam. or M. alba Desr.) from
eight selected coal mines in the Northern Great Plains. Some preliminary
results of that study are given in U.S. Geological Survey (1975, p. 29-35).
Whereas the main purpose of this study was to assess the degree of differ-
ences and similarities for a large suite of elements among the eight mines,
our intent here is to describe the potential of sweetclover that grows on
spoil materials as a causative agent of molybdenosis in certain livestock.

Coal-mine spoils are geochemically anomalous when compared to
naturally occurring surficial materials (Sandoval and others, 1973).
Despite the increasing practice of top-soiling contoured spoil banks,
we find evidence that these anomalies are being reflected in the element
composition of vegetation that grows on this modified substrate. This
appears to be the case at least for sweetclover, which is a common and
often dominant plant over many of the spoil banks in the Northern Great
Plains.

Molybdenosis is a copper-deficiency disease that is well-documented
in cattle and sheep; in the latter case, it is called swayback disease
of lambs (Alloway, 1973). Generally, excessive amounts of molybdenum in
the diet result in a decrease in the physiological availability of copper.
Characteristic symptoms in cattle are scouring, weight loss, loss of pig-
mentation, and in some cases, breeding difficulties. Calves are most
susceptible, the effects often being irreversible (Barshad, 1948). Horses
are reported to be unaffected.



The total molybdenum in soil where cattle have been known to be
affected is not high, ranging from 1.5-10 ppm in the study described by
Barshad (1948). 1In alkaline soils, however, a large percentage of this
element may be soluble in water. Barshad (1948) stated, "Growing plants,
particularly legumes, are able to absorb amounts of molybdenum harmful
to cattle from soils that contain as little as 1.5-5.0 ppm total Mo."

The proportion of copper to molybdenum in the forage is considered
to be more critical than the total amount of molybdenum in either the
soil or plants. Copper-to-molybdenum ratios of about 5:1 or less in
winter herbage from the British Isles have caused swayback in lambs and
hypocuprosis in cattle (Alloway, 1973). A copper-to-molybdenum ratio of
about 7:1 is apparently optimum for cattle, according to the University
of Missouri's veterinary toxicologist, A. A. Case (written communication,
1974). Similar ratios were cited by Alloway (1973) for control farms.
Clearly, where legumes are a substantial part of the pasturage in molybdic
and alkaline soils, certain types of livestock can be severely affected.

Concern over the possible incidence of molybdenum-induced imbalances
in animals grazing in regions associated with coal utilization is not new,
although more information seems to be available on the effects of fly ash
on the content of forage than on the effects of coal-mine spoils (Furr
and others, 1975; Gutenmann and others, 1976). The only documented case
of molybdenosis in cattle from the western coal regions is the report by
Christianson and Jacobson (undated), which describes an area where urani-
ferous lignite was burned in rotary kilns in order to concentrate the
uranium, and the molybdenum in the ash contaminated the surrounding
pasturage. The most recent interest in molybdenum-related nutritional
problems was expressed by Martens and Beahm (1976) who cautioned, '"Molyb-
denum availability of some fly ashes is sufficiently high that levels
in plants grown on fly-ash soil mixtures can be hazardous to grazing
animals."

There are reasons for our interest in sweetclover and its molybdenum-
accumulating potential other than its abundance and widespread occurrence
on the coal-mine spoils that we studied. Legumes are recommended in seed
mixes for reclamation because of their nitrogen-fixing capabilities, and
sweetclover, in particular, is considered one of the more suitable plant
species for spoil bank stabilization. Finally, the forage value of sweet-
clover rates very high. According to A. A. Case (written communication,
1975), "Sweetclover is a wholesome and very nutritious legume, ranking
along with other clovers in its nutritional value, perhaps just less
than alfalfa, which is considered the 'queen' of legumes for forages
and hay purposes." Although under most circumstances, sweetclover is
not considered a toxic plant, Case does warn of changes that can occur
where it grows in altered environments.



Methods

Sampling design.--Field work was undertaken during late summer of
1974 with sampling conducted according to a two-level analysis of variance
design. Samples of sweetclover and associated soil and/or spoil material
were collected from 10 randomly selected sites (in which sweetclover
could be found) at each of eight surface mines scattered throughout the
Northern Great Plains. Mine locations are shown on figure 1 and mine-
spoil descriptions are given in our initial report (U.S. Geological
Survey, 1975, p. 33-34). A channel sample of spoil material or a spoil-
soil mixture (where topsoiling had been attempted) was collected to a
depth of about 20 c¢m. The sweetclover sample consisted of the above-
ground portion of a plant growing within 1 m of the soil sample. 1If a
sufficient amount of plant material was unavailable from a single plant,
more was composited from an area of as much as 10 m?. We tried to sample
only yellow sweetclover (M. officinalig) in its flowering and early
fruiting stage with abundant leaf tissue, but some samples were further
developed and had a greater proportion of stem tissue. At the Big Sky
Mine and the Utility Mine, plants of yellow sweetclover had matured to
the point where mostly only stems remained; therefore, the later-maturing
white sweetclover (M. alba) was substituted. Both species occurred at
most mines, although yellow sweetclover appeared to be more abundant.
A small suite of yellow sweetclover samples taken from presumably un-
mineralized sites located across the conterminous United States was sub-
mitted for analysis to serve as a control or baseline data set.

Analytical methods.--Sweetclover samples were first dry ashed at
450°C for 24 hours. Copper analyses were performed by T. F. Harms
using atomic absorption spectrophotometry (Nakagawa, 1975).

C. S. E. Papp conducted the molybdenum determinations using the
thiocyvanate method of Reichen and Ward (1951). Because many reports
on element concentrations in sweetclover are given on a dry-weight or
moisture-free basis (for example, Furr and others, 1975), we have con-
verted the element concentrations that are reported on an ash basis by
the analysts to a dry-weight basis, using the following formula:

X3= X+ X /100 ,
a 2

where X, is the concentration in the dry material of the sample, X
is the concentration in the ash, and X_ is the percent ash in the dry
material. P

Samples of spoil materials were ground to pass through an 80-mesh
sieve. Because of the relatively high content of organic carbon in some
samples, all samples were ashed prior to analysis of all but the volatile
elements. Soil pH was measured by a hydrogen ion-specific glass electrode
in a water-saturated paste.



Results and discussion

Concentrations of copper and molybdenum were transformed to a
logarithmic scale prior to evaluation because their frequency distri-
butions were more nearly symmetrical on a logarithmic scale than on an
arithmetic scale. Under these circumstances, the geometric mean (GM)
is the best estimate of the most probable metal concentration. The
geometric deviation (GD) is a factor expressing the degree of total
variability measured. The expected 95-percent range given for the base-
line data estimates the range that 95 percent of a suite of randomly
collected samples from normal environments should exhibit. Anomalous
concentrations are those that lie outside this range. The estimated
range of the central 95 percent of the observed distribution has a lower
limit equal to GM/(GD)? and an upper limit equal to GM-(GD)2.

Table 1 lists the summary statistics for copper and molybdenum in
sweetclover, and the pH of the spoil material. Because of the importance
of the Cu:Mo ratio, we have ranked the mines in increasing value of the
ratio. Analysis of variance tests demonstrate significant differences
(p<0.05) among the mines for all four variables; but a multiple range
test (Duncan, 1955) failed to group the means further, with the exception
of molybdenum in sweetclover. Results of the test revealed two distinct
groups of sweetclover with respect to its molybdenum content. The Beulah,
Dave Johnston, and Welch mines comprised one group with means ranging
from 2.6-3.4 ppm Mo in dry material, and the other five mines comprised
the other group with means ranging from 6.4-13 ppm.

In comparing the statistics between the mines and the baseline
data, it is apparent that the concentrations of copper in sweetclover
and the levels of pH in the mine samples and baseline samples are not notably
different. However, certain sweetclover samples from several mines show
unusually high molybdenum contents and unusually low Cu:Mo ratios. Half
of the samples from both the Big Sky and Utility mines had ratios below
baseline (the expected 95-percent range). Many spoil samples from all
mines are either anomalously high or low in pH.

Even more important, mines having the lowest molybdenum averages
in sweetclover are the same mines with decidedly lower pH in the spoil
materials. Inasmuch as molybdenum is often much more available to
legumes where soils are alkaline (Case, 1974), we computed the correla-
tion between the concentration of molybdenum in sweetclover and the pH
levels in the associated spoil materials. The resulting correlation
coefficient--0.46--is significant at the 0.0l probability level, although
it does not indicate a particularly strong relationship.

Finally, a test was made of differences in copper and molybdenum
concentrations between yellow and white sweetclover based on paired
samples collected at each of 12 gites (cf. U.S. Geol. Survey, 1975, p.
31). The two species varied significantly in their molybdenum content
at the 0.05 probability level but not in their copper content. White
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sweetclover contains almost twice as much molybdenum as does yellow
sweetclover; their copper contents, on the other hand, are about the
same. Similar comparisons by Barshad (1948)--although not based on
paired observations--also indicated that white sweetclover accumulates
more molybdenum than does yellow sweetclover. Despite the significant
differences between sweetclover species, the multiple group test (Duncan,
1955) did not separate the Big Sky and Utility mines where we collected
white sweetclover from those where we collected yellow sweetclover.
Moreover, spoil at most mines that we sampled supported both species.

Conclusions

Molybdenum concentrations in sweetclover growing on coal-mine spoil
banks in the Northern Great Plains are probably sufficiently high to in-
duce metabolic imbalances in cattle and possibly sheep in subclinical,
if not acute, levels, assuming the animals were to feed predominantly
on this legume. Alloway (1973) considered that a copper to molybdenum
ratio less than five may induce swayback in sheep and hypocuprosis in
cattle; the ratiosof these elements in sweetclover from the mines in
this study are considerably below this threshold. A tolerance level for
cattle of five ppm molybdenum in dry forage (Webb and Atkinson, 1965) is
exceeded by sweetclover at all but the Beulah, Dave Johnston, and Welch
mines. 1In mine areas where molybdenosis may be a potential problem,
wholesome pasturage can be established by avoiding molybdenum-accumulat-
ing plant species, or by minimizing access to the fresh forage which can
cause greater injury than properly cured material (Barshad, 1948).
Molybdenum-induced copper imbalances in the diet may also be prevented
by treating the affected livestock with either copper sulfate or copper
glycinate.

It may be difficult, if not impossible, to prevent potentially
hazardous geochemical environments in some surface-mining operations.
But with the proper management of reclaimed areas, mining need not be
precluded.



MINERALOGY OF FINE-GRAINED ROCKS IN THE FORT UNION FORMATION
by Todd K. Hinkley and Richard J. Ebens

The rearrangement of rock strata during mining and reclamation
commonly exposes originally buried strata to weathering processes which
may accelerate chemical release. Shale or mudstone is the most abundant
rock type in coal overburden in the Northern Great Plains Coal Province
and is most likely to appear as a major constituent of a reclaimed land-
scape. A knowledge of the mineralogical variability of this rock type
may lead to a better understanding of the environmental needs for handling
such strata during, or following, strip mining.

The most prominent aspect of mineral variability in these rocks is,
of course, reflected as vertical changes among the strata comprising the
overburden at any given location. A second and perhaps equally important
aspect is the change from place to place over the province of some average
mineral property of the overburden column. This second aspect is largely
obscured by the magnitude of the first. WNevertheless, the distinctive
chemical differences that have been noted in sweetclover substrate among
eight strip mines (U.S. Geological Survey, 1975, p. 29-35) suggest that
such overburden may vary in its mineralogy in a geographic as well as a
stratigraphic sense.

The present report describes an attempt to quantify the magnitude
of this geographic variation in these rocks. A suite of fine-grained
samples was taken from cores drilled through the overburden sections of
strippable coal deposits in rocks of the Fort Union Formation or equiva-
lents. These samples have been used to estimate the mineralogical
variation of the fine-grained rocks over two geographic and one strati-
graphic scales: 1) distances greater than 5 km, 2) distances from 0-5
km, and 3) distances across the rock column of less than 100 m (strati-
graphic variation).

Sample sites and sampling design

Samples were taken from each of five widely separated sites
(>50 km), two in southeastern Montana, two in southwestern North Dakota,
and one in southeastern Saskatchewan (fig. 1). At each site, four rock
samples were taken from each of two drill holes which were separated by
1-5 km. The samples taken from each core were stratigraphically separated
by 0-100 m and consisted of 30 cm of a homogeneous stratum of shale or
mudstone. Only three samples were collected from each of the two drill
holes at Estevan, Saskatchewan, because of the paucity of fine-grained
horizons in these cores. 1In all, 38 samples were collected. Twelve
samples were split and submitted in duplicate to test analytical
reliability as distinct from geographical variability, bringing the
number of actual analyses to 50.

Cores from three of the five sites (Bear Creek and Otter Creek,
Montana, and Dunn Center, North Dakota) were obtained through the
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Energy Minerals Rehabilitation Inventory and Analysis (EMRIA) program
of the U.S. Bureau of Land Management, which program is intended to
gather a variety of environmental information at potential coal-mining
sites. Cores from Dengate, North Dakota were obtained from C. S. V.
Barclay of the Conservation Division, U.S. Geological Survey. Cores
from Estevan, Saskatchewan were obtained from the Industrial Minerals
Division, Department of Mineral Resources, Saskatchewan.

Analytical methods

Samples were semi-quantitatively analyzed for mineral composition
by an X-ray diffraction method similar to that described by Schultz
(1964). The rocks were crushed in a jaw crusher and then ground in a
vertical Braun pulverizer with ceramic plates set to pass 80 mesh.
These were further ground in an agate wmortar for three minutes. Final
sample preparation and diffractograms were done by D. Gautier, using
a slit width continuously variable with 20. The mineral concentrations
are summarized in table 2.

Scales of variation

Regional variation.--Three of the mineral constituents (quartz,
kaolinite, chlorite) exhibit significant variation at the highest
geographic, or regional, level, indicating the existence of truly
regional and possibly mappable mineralogical and chemical trends in the
Northern Great Plains. These regional differences may be due to broad-
scale differences in the environments of deposition, broad-scale hydrologic
regimes, or even secular or fossilized weathering effects. In addition,
plagioclase, dolomite, and calcite, vary significantly at the regional
level when the top level variance is compared with two or more of the
lower levels combined (pooled variance). From the small amounts of
chemical data available to date in this study, it is clear from a basic
comparison of mean abundance values by region that the values for plagio-
clase (and one of its chemical constituents, Na,0) are highest at the
same two sites, Dengate, South Dakota and Estevan, Saskatchewan.
Similarly, dolomite and MgO are highest at the same site, Otter Creek,
Montana.

Local variation.--Essentially no mineralogical variation exists
between the paired holes (1-5 km separation) within the individual sites.
This indicates that the mineralogy (and presumably chemistry, also) is
consistent in overburden over areas approximately the size of a strip mine
in this part of the western coal regions. If the geochemical properties
at this scale are as uniform as the mineralogical, then chemical character-
ization of such rocks over areas a few kilometers across becomes a relatively
easy matter. For example, detailed analysis in only two or three scattered
cores should suffice, and large (and expensive) drilling programs may be
mostly wasted effort. Variation among samples taken across the strata
(within the cored sections) is large compared to the other components of
variation as is expected in layered rocks.
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Analytical variation.--For several of the minerals determined,
major variation occurs at the fourth or analytical level. This repre-
sents a lack of consistency between analytical duplicates and is due in
part to proximity of key mineral peaks on the diffractograms. In general,
for the rocks of this study, the minerals which are present in the lowest
concentrations (K-feldspar, carbonates) are the ones most affected by
analytical variation. They are the most sensitive to chart-reading
errors, which yield mineral abundance errors of high fractional magnitude,
whereas those present in highest concentrations (clays, quartz) are the
least affected.

Mineralogy of the rocks

Quartz, the two carbonate minerals calcite and dolomite, and the
two clay minerals kaolinite and chlorife, all vary regionally, and the
abundances for each mineral between the high and low sites may be com-
pared. Judging by the geometric means at individual sites, quartz is
at a maximum at Otter Creek, Montana (geometric mean of 31.6%) and a
minimum at Dengate, North Dakota (19.1%). Calcite and dolomite have
their highest geometric means at Otter Creek, Montana (values of 1.76%
and 6.04%, respectively) and lowest geometric means at Dear Creek,
Montana (0.35% and 0.39%). Total clay does not vary regionally, but
its two main constituents in the mineral scheme of this study, kaolinite
and chlorite, show regional variation. The site highest in chlorite,
Estevan, Saskatchewan (geometric mean of 52.3%), is also the one lowest
in kaolinite (0.96%). Bear Creek, Montana is both lowest in chlorite
(GM of 1.8%) and highest in kaolinite (39.67%). 1In the absence of evidence
for different authigenic processes in the various sites, this observation
of an inverse abundance pattern for the two clays in these fine-grained
rocks indicates different provenances for the different sites. A regional
variation in a clay ratio of this sort may well result in a distinctive
distribution of elements held in those clays.

The distribution patterns for siderite and "mixed carbonate'" (probably
ankerite), the two minor carbonates of the mineral scheme, are too irregular
to be considered in the same manner as the other minerals. Both are
totally absent from most samples, and '"mixed carbonate'" is present only
at Dengate, North Dakota and Estevan, Saskatchewan.
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STREAM SEDIMENT CHEMISTRY IN THE NORTHERN GREAT PLAINS
by James M. McNeal

One expected geochemical impact of large-scale, coal-based, energy
development in the western United States is a change in the mineral and
chemical character of the sediment in streams draining strip-mined areas.
As with other components of the geochemical landscape, if such expected
changes are to be monitored, a regional background or baseline must first
be established. A necessary prerequisite to establishing such a baseline
in an efficient manner, however, is concrete knowledge of the geographic
scale of variation in those sediments. This study was undertaken to pro-
vide such information using a specific size fraction of stream sediments
from the Northern Great Plains. Preliminary results for eight chemical
properties are presented here.

There are two objectives of this study. The first was to determine
whether or not stream order and size of drainage basin are important
parameters in defining different populations of sediments, and the second
was to determine the magnitude of the regional geochemical variability of
the sediments. To this end, data collected to date were analyzed in two
analysis of variance designs.

Three target populations were defined: sediments in first, second,
and third order streams, as shown on 1/1,000,000 scale topographic maps.
A first order stream is an upstream, unbranched stream segment; a
second order stream extends downstream from the junction of two first
order streams; a third order stream extends downstream from the junction
of two second order streams (Strahler, 1969). Streams larger than third
order were not studied because they were too few in number. In addition
to stream order, the size of the drainage basin above each sample location
was measured in order to investigate its relationship to the element con-
tent of the sediment. Ten randomly selected 50 km? areas were chosen
from a total of 15 in the Northern Great Plains which contained at least
two streams of each of the three stream orders of interest. The sample
locations and areas are shown in figure 2, Two streams of each of three
orders were then randomly selected. Further, one stream of each order
was randomly selected and a second sample taken approximately 100 m
upstream from the first. In order to reduce the sampling error, all
samples were composited from 5-9 grab samples, depending on the size of
the stream. All localities were sampled as near to the junction of the
target stream and a stream of the next highest order as possible, while
at the same time, remaining above the region of influence of the larger
stream during flood conditions. In all, 90 stream sediment samples were
collected (10 areas, 3 stream orders per area, and 3 samples per order);
20 of these were selected randomly and split into two parts to provide
an estimate of analytical error. The resulting 110 samples were placed
in a random order, sieved to less than 100 mesh, and submitted for analysis.
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Figure 2.--Stream sediment sampling localities (dots and pluses) in selected
areas of the Northern Great Plains. Solid dots indicate samples used in
chemical extraction studies.

Numbered samples are referred to in the text.



Sample Collection and Preparation

All samples were collected by hand or with a "fox-hole shovel" from
wet or "active' portions of the streams (some localities on the smaller
streams were dry), being careful to exclude any material that was in
contact with the shovel. Approximately 1 to 3 kg of material was collect-
ed per sample, depending on the proportion of fines available. A1l
samples were placed in cloth bags and, if the cloth bag was oozing water,
into polyethelene bags. Sediments in cloth bags were allowed to air-dry.
Water was poured from the polyethelene bags as it accumulated. When no
further water accumulated, the cloth bag was removed and allowed to dry,
as above.

After drying in an oven at approximately 40°C, the material was
removed from the bag and disaggregated in a ceramic mortar with a pestle
on a drill press. Care was taken to insure that the particle size was
not reduced. The material was sieved in a stainless steel sieve and a
sieve shaker. The greater than 100 mesh (greater than 150 micron) size
fraction was discarded.

The procedures by which the samples were analyzed are given in U.S.
Geological Survey (1975), but only results for C-total, Li, Na,0, MgO,
Rb, Th, U, and Zn are reported here. The analyses were performed by
J. Crock, Lorraine Lee, Hugh Millard, W. Mountjoy and V. E. Shaw. The
drainage area of each sample location was determined by using a polar
planimeter.

Results and Discussion

The data from each stream order were analyzed by a nested one-way
analysis of variance design in which: (1) differences among the 10
areas (shown in figure 2) constituted the regional effect, (2) differences
between the two streams (of each order) within the areas constituted the
effects at intermediate geographic scales, (3) differences between samples
within each locality constituted the sampling error, and (4) differences
between splits constituted the analytical error.

The results in table 3 show that much of the geochemical variance
is associated with the between-streams level (within-area level) for
each of the eight constituents. Particularly large amounts of the
variance of Log Mg0O, Log Na,0 and Log U occur at the between-area level,
and except for Log C and Log U, little variation was found at the sampling
level. Thus, compositing of samples at a site within a locality sub-
stantially reduced the variance effects expected at this level.
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Table 3.--Geochemical varlation in stream sediments of the northern Great Plains.

[An asterisk (*) indicates that the variauce component is significantly different
from zero at the 0.05 probability level. Data in parts per million, except where

given as percent]

Varjance components, as percent of total _Summary statistics
Stream | Total lLog Fetween | Between |S'mplin$: Analvtical Geomatric | Geometric [Expected 95% range
Congtituent order variance arvas streams |ervor error mean deviation (baseline)
C(total), % --- 1 0.0738 26 58 16% <1 2.2 1.87 0.64-7.9
2 .0277 <1 51 49% <1 2.6 1.47 1.3-5.2
3 .0203 11 604 29% <1 1.7 1.39 .88-3.3
Li sw-cc-ocene- 1 .0095 <1 92% 5 3
2 .0055 <1 91* > 2 19 1.21 13-27
3 .0042 7 85*% 2 6
Nag0, %mermenn= 1 .0706 66 22% <1 12 ]
2 .0979 93% 7% <1 <1 .96 1.93 -
3 .0770 76% 24% <1 <1
Mg0, Zeewemeon- 1 .0132 15% 21 <1 64 1.59 1.30 -
2 L0251 55% 42% 4% <1 1.84 1.44 --
3 .0263 87% 13 <1 <1 1.64 1.45 .-
L 1 .0070 33 SO 2 15
2 .0064 20 647% 3 13 70 1.19 49-99
3 .0031 20 725 <1 8
The e mmeoee -1 L0405 23 <1 63% v ]
2 L0305 3 <1 <1 97 L 8.8 1.51 5.2-15
3 L0249 <1 9 <1 91 [
R c—— 1 L0234 g% <1 38+ 4 I
2 .0292 69% 14 12% 5 J 3.4 1.40 -
3 L0112 15 11 <1 74
Znee-cessmmeonn 1 .0075 12 51% 15 22 ]
1
2 L0084 <1 28 <1 72 > 71 1.24 50-100
3 .0099 19 67% 8 6 4
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A second test consisted of a two-way analysis of variance based
on the three stream orders by the ten areas. Two samples were selected
in each of the 30 (10 areas by 3 orders) cells in the design. The results
are summarized by F-ratios as follows:

Constituent
Way Log € Log Li Log Mg0 Log Na,0 TLog Rb Log Th Log U Log Zn
Order (3) 3.71% 1.33 3.74% 0.70 0.41 0.02 1.21 1.40
Area (10) 1.10 1.04 8.61% 21.6% 2.84% .77 10.76% 1,74

F-ratios flagged with one asterisk were significantly different from
zero at the 0.05 probability level. The results indicate that logarithmic
variation for C and MgO is controlled in part by stream order, and they
confirm the importance of the broad-scale geographic variation in Mg0O and
Na,0 and U noted in table 3. Interaction in all constituents was found
to be nonsignificant at the 0.05 probability level except for Log U
(F = 3.12).

Drainage area seems to have little important relation to logarithmic
concentration of any of the constituents studied. Only Li, Rb and Zn
exhibit statistically significant covariation with size of drainage area
(at the 0.05 probability level) and each is negatively correlated (rs-0.45)
with only second order drainages. Provisional baselines for those consti-
tuents with nonsignificant regional variance components are presented in
table 3. Baseline as used here is defined by Tidball and Ebens (1976)
and is computed as outlined on the inside cover of this report.

Mode of element occurrence

In addition to determining baselines, it is useful to determine the
mode of elemental occurrence in the sediments. Such information may be
important in assessing the availability of elements to flowing water or
to plants. Forty of the 110 samples of <150, m sediment were chemically
leached and each leachate analyzed for Cr, Mn, Ni, Cu, and Zn.

As before, a nested analysis of variance design was used to examine
variation at three levels. The three levels are: 1) between 50 km? areas,
2) within areas, and 3) analytical error. Thirty samples were chosen
randomly from the ten areas, three per area. Six samples of these 30
were randomly selected to be analyzed in duplicate to provide an estimate
of analytical error. Four additional samples were also examined as they
were unusual in one or more aspects of their chemistry, but were not in-
cluded in the analysis of variance design. All 40 samples were analyzed
in a randomized sequence.
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The following is a list of the chemical extractions in the order
performed and the type of sediment material that is expected to be
affected. Only the results of the first extraction are complete for
the five elements.

1. 1M sodium acetate, pH 5; extracts easily dissolved minerals and
readily exchangeable cations from clays, organic materials, and oxide
coatings. The procedure consisted of two treatments each of 24 hour
duration with a solution to sediment ratio of 3:1.

2. 1M hydroxylamine-hydrochloride, pH 2; extracts poorly crystalline

or amorphous Mn oxides. This treatment consisted of two successive
aliquots of 20 ml of the solution reacting with the sediment from step 1
for 30 minutes.

3. 30% hydrogen peroxide; extracts most organic materials and sulfide
minerals. To the residue of step 2, 5 ml of 30% H,0, was added. After
the reaction ceased the test tubes were placed in a water bath at 65°

to 75°C with an additional 5 ml aliquot of H,0, until all reaction ceased.
Samples remained overnight in the water bath at about 40°C. The next
morning 10 ml of IM NaOAc, pH 5, was added and the solution was mixed and
separated by decanting after centrifuging.

4. 0.2M ammonium oxalate, pH 3; extracts poorly crystalline or amorphous
Fe oxides. To the residues of step 3, 15 ml of the ammonium oxalate
solution was added with mixing. The solutions were stored in the dark
for 2% to 3 hours. After centrifuging and decanting the solution, an
additional 10 ml of reagent was added with mixing. After 1% hours in
darkness the sample was centrifuged and the two solutions combined.

5. 50% nitric acid; dissolves remaining well-crystallized Mn and Fe
oxides, also minor attack on clays and other minerals. To the residue
of step 4, 20 ml of 50% HNO; was added with mixing. The mixture was
allowed to sit for 4 hours at room temperature with occasional stirring.
Solution was removed after centrifuging the mixture.

6. Hydrofluoric, perchloric, and nitric acids; results in total extrac-
tion, A .50 gm aliquot of untreated sample is placed in a teflon beaker
with concentrated HF and 407 HC10,. After heating on a hot plate over-
night the solution is evaporated to near dryness and the residue dissolved
in a diluted solution of HNOj.
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Analysis of variance results are shown here for the chemistry of the
IM sodium acetate leachate glong with the summary statistics. All data
were logarithmically transformed before statistical analysis:

Extracted Total Log Variance component (%)
element variance Between Within Analytical
areas areas variance

Cr 0.0418 24,2 0 75.8

Mn L0447 9.2 88.2% 2.7

Ni .0219 0 71.0 29.0

Cu .1220 0 66.4 33.6

Zn .1700 44, 9% 53.9% 1.2

Summary statistics
Extracted Geometric  Geometric  Geometric  Expected

element mean deviation error 95% range

(baseline)

Cr, ppm 0.18 1.60 1.51 0.11-.29

Mn, ppm 1.70 1.63 1.08 65-450

Ni, ppm 2.8 1.41 1.20 1.6-5.0

Cu, ppm .32 2.24 1.59 .086-5.0
Zn, ppm 2.6 2.58 1.11 -—-

Components with an asterisk are significantly different from zero
(at the 0.05 probability level). Because Zn exhibits a statistically
significant difference between areas, the baseline is expected to vary
from place to place within the Northern Great Plains. Except for Cr,
all elements exhibit a high (>50%) proportion of the variance at the
within-areas level. The high analytical error in Cr, Cu and Ni is
probably due, in part, to the fact that the concentrations are very near
the detection limit.

Correlation coefficients were computed between the five extracted
constituents and the eight bulk constituents discussed previously.
Interestingly, no significant (y=.05) correlations were found between
any extractable constituent and any total constituent, including ex-
tractable Zn vs. total Zn.
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In addition to the 36 samples used in the analysis of variance

design, four samples of unusual nature were also examined, both by total
and extractable analyses:

Sample number (see fig. 2)

Extraction Constituent 73 88 101 108
Cold Cr, ppm 0.2 0.1 0.1 0.2
Extractable Mn, ppm 130 30 190 140
Ni, ppm 2.8 .8 1.4 1.1
Cu, ppm .5 .1 .2 .2
Zn, ppm 1.4 .7 1.4 9.8
Total C-total % 1.63 .69 1.13 2.06
Li, ppm 15 22 13 10
Na,0 % 1.08 .32 .73 1.09
MgO 7% 1.66 1.01 1.32 1.94
Rb, ppm 75 95 55 ' 50
Zn, ppm 61 86 42 48

Note that the sample (88) with the highest total Zn (86 ppm) con-
tains the lowest amount of sodium acetate-extractable Zn (0.7 ppm), while
the sample (108) with nearly the lowest total Zn (48 ppm) has the greatest
amount of extractable Zn (9.8 ppm). The ratio of extractable Zn to total
Zn is .20 for sample 108 and .008 for sample 88. The explanation for this
major difference may be that the two samples contain greatly differing
amounts of Mg0O and C. MgO is an estimator of clay content and C is
probably a fairly good estimator of organic carbon. Both the clays and
organic C would serve as hosts for exchangeable Zn. Sample 108 would
then have a greater amount of exchangeable sites than would sample 88.
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ELEMENTS IN LICHEN NEAR THE DAVE JOHNSTON POWERPIANT
by Larry P. Gough and James A. Erdman

Introduction

Pacific Power and Light Company's Dave Johnston coal-fired, electric-
generating plant is located 8 km east of Glenrock, Wyoming in Converse
County near the southern boundary of the Powder River Basin (fig. 3).
According to a company brochure, the plant has been in operation since
1958 and burns subbituminous coal in &4 units with a peak capacity of
750,000 KW(e). The mine is located about 15 km northwest of the plant.

Recent studies (Davidson, Natusch, and Wallace, 1974; Lee and
others, 1972; Linton and others, 1976) have shown that many potentially
toxic trace elements (such as As, Cd, Cr, Ni, Pb, Sb, Se, and Zn) in-
crease in concentration with decreasing particle size of airborne fly
ash. These elements associated with the submicrometer fly-ash fraction,
as well as Hg, some Se, Cl, and Br, which are discharged as gases (Klein
and others, 1975), pass through conventional particulate control devices
and are emitted to the atmosphere. Additional evidence that Hg and Se
are emitted as vapors or very fine particles, or both, in the flue gas,
is provided by the mass-balance studies of Kaakinen and others (1975).
They speculate that most of the transition elements analyzed form oxides
which volatilize at temperatures below 1,500°C (the near-maximum furnace
temperature) and therefore escape through the stacks.

Due to the demand for coal-derived energy, operations similar to
the mine-mouth facilities at the Dave Johnston Powerplant have been or
are being constructed in the Northern Great Plains. This study reports
on the usefulness of the foliose soil lichen Parmelia chlorochroa Tuck.
as a natural monitor of powerplant element emissions or related contamina-
tion. Results from using big sagebrush (Artemisia tridentata Nutt.) as a
monitor, also at the Dave Johnston plant, were given by Connor, Keith,
and Anderson (1976).

Experimental design and data handling methods

Composited samples of P. chlorochroa were collected at approximate
logarithmic intervals along east and west transects from the powerplant
(fig. 3). Along the east transect six sites were sampled beginning at
2 km and extending to 64 km. Due to the scarcity of the lichen along
the west transect, only three sites were sampled--at 2, 4, and 33 km
distances. Duplicate samples, taken about 100 m apart and consisting
of a composite of many thalli, were collected at each site. Sampling
was conducted in September of 1974; however due to the storage of some
wet samples, eight were discarded because of decay, and new samples were
collected in November, 1974,

All samples were cleaned, dried, and submitted for chemical analyses
according to the methods described in U.S. Geological Survey (1975, p. 10-
19). The analyses were performed on either the ashed material by emission
spectrography and atomic absorption spectroscopy or on the dried material
by techniques described in U.S. Geological Survey (1975, p. 74-78).
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Strong evidence exists that a particular element in plant material
may be associated with element emissions when that element decreases in
its concentration with increasing distance from an emission source
(Connor, Keith, and Anderson, 1976). Linear regression analysis was
performed to evaluate this relation in lichen. The regressions were
based on a least-squares criterion and prediction equations were calcu-
lated using the form:

logyg X = by *+ by log); D

where X estimates the concentration of the element, EO and b. are,
rexpectively, the intercept and slope of the trend line, and D is the
distance from the powerplant.

Where b, was negative (indicating a trend line sloping away from
the powerplant) the significance of that slope's deviation from zero
(p < 0.05) was estimated using analysis of variance (see, for example,
Davis, 1973, p. 192-204). A detailed explanation of this technique when
used in point source emission studies is given in Severson and Gough
(1976).

Results

Of 71 elements looked for in samples of P. chlorochroa, 35 were
detected in at least some of the samples (Appendix V, table 2). Data
for 29 of these elements were adequate for the requirements of regression
analysis. Data for the other six elements--Ag, Cd, Co, S, Sb, and Si--
were either incomplete or had an unacceptable degree of censoring.

The concentrations of Ca, F, Se, and Sr and ash yield in P. chloro-
chroa decrease with increasing distance from the Dave Johnston Powerplant
and regression statistics for these elements are presented in table 4,

The table shows that the slope of the regression lines for F, Se, and Sr
was significantly different from zero (p < 0.01). Coefficients of deter-
mination for these three elements were relatively large. 1In the case of
F, for example, 56 percent of the total variability observed among samples
along this transect is attributed to distance from the powerplant.
Severson and Gough (1976) arbitrarily used a coefficient of determination
value of 0.50 in identifying the important proportion of the total variance
attributable to the independent variable distance. The concentration of
Ca in P. chlorochroa may also be related to operations at the powerplant,
however, the slope of the regression line was significant only at a
probability level of 0.10. Calcium also possessed a low coefficient of
determination (table 4).

Ash yield, expressed as a percent of the dry weight of the lichen,
showed a significant negative regression slope. This trend, along with
the significant trends for ¥, Se, and Sr, is presented in figure 4.
Since Ca, which is the major element in P. chlorochroa and comprises
between 12 and 33 percent of the ash was most abundant in those samples
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yielding high ash values and because Ca displayed a possible regression
trend of importance, it appeared that this element might be responsible
for the concurrent ash trend. A product-moment correlation analysis
between Ca and ash, however, did not show a strong positive relation.
This is evident from Appendix V, table 2, where it can be noted that
the samples with the lowest ash values also had some of the highest

(31 percent) Ca values.

Silicon, another major constituent of P. chlorochroa comprising
between 8 and 18 percent of the ash, was also considered a possible
cause of the ash trend. Silicon does not, however, decrease in concen-
tration with increasing distance. Further, the correlation coefficient
for the relation between Si and ash was not significant at the 0.05
probability level.

The intensity of selected calcite and quartz peaks on X-ray dif-
fractograms of the ash of one sample at each sampling site downwind was
measured. The ratio of the intensity of the calcite to quartz peaks
was plotted against the percent ash of the samples. These data (fig. 5)
show that, in general, the amount of calcite in the samples decreases
relative to the amount of quartz as ash increases. This trend suggests
that, even though the samples were washed, they were contaminated with
soil-derived quartz. There is an exXception in the sample with the
highest ash yield in which very high calcite to quartz ratios were found.
This indicates to us that this sample was both very 'clean" (free of
quartz) and high in Ca.

Variable ash is probably due to both intrinsically high or low Ca
and to the relative contamination of the samples. The significant in-
verse trend observed between ash yield and distance from the powerplant
might, therefore, be fortuitous and not related to the powerplant emis-
sions but to a combination of variable Ca and Si contents and varying
degrees of quartz contamination.

Inverse concentration-to-distance trends observed along the west
transect were not subjected to regression analysis because of the small
number of sample sites. Inspection of these data (Appendix V, table 2)
indicates that Ca and Sr may reflect some influence from the operations
at the powerplant whereas Se shows a very strong probable relation.
Fluorine shows no apparent trend; however, the high values obtained
correspond well with the high values observed for close-in samples
along the east transect. The ash values show no trend adding support
to the probability that the ash trend observed along the east transect
is fortuitous.

Of the suspected contaminant elements and ash, only the Se values
can be considered to be unusually high in P. chlorochroa relative to
background levels (U.S. Geological Survey, 1975, p. 13), and then only
in samples collected within 8 km from the powerplant (fig. 4). Although

selenium is noted, in the 1975 report, to be highly variable among samples
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of P. chlorochroa collected from various parts of the basin, the
maximum concentration noted in this study (1.20 ppm) is considerably
above the observed range of values (0.20-0.70 ppm) for all samples in
the 1975 basin-wide study.

It is of interest that in the study by Connor, Keith, and Anderson
(1976), also at the Dave Johnston Powerplant, big sagebrush (Artemisia
tridentata) samples, like the P. chlorochroa samples, showed significant
regression trends for Se and Sr. Big sagebrush also showed significant
regression trends for U and V whereas P. chlorochroa did not. Further,

P. chlorochroa showed a trend for F whereas sagebrush did not. These
findings lead to the following conclusions: (A) several elements tend

to have higher concentrations in vegetation near the powerplant; (B) the
most probable source of these accumulated elements is the powerplant;

(C) differences in the metabolism, growth form, habitat, and microenviron-
ment of different plant species result in differences in their accumulation
of elements.

The use of cryptogams, and particularly lichens, as air pollution
monitors has received considerable attention over the past decade (see,
for example, Ferry, Baddeley, and Hawksworth, 1973). This present study
indicates that the widespread terricolous lichen P. chlorochroa has
potential use as a monitor of powerplant element emissions in the Northern
Great Plains.
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CHEMISTRY OF POWDER RIVER SEDIMENTS
by John R. Keith, Barbara M. Anderson, James M. McNeal
and Josephine G. Boerngen

As part of a general effort to chemically characterize the land-
scape of the Powder River Basin, samples of Powder River stream sediments
were collected in 1973 according to a nested analysis of variance design.
The length of the river across the basin was subdivided into six segments,
each defined as that length of stream course which occurs in a "super-
township" of Connor, Keith, and Anderson (1976) as shown in figure 6.

In each segment, two localities were selected randomly, each locality
being about the size of a section (1.6 km on a side). The objective was
to reach the river somewhere within each locality and randomly collect
two samples of the "active" sediment from a transect across the river
bottom. In practice, the transect reached only to the edge of running
water, on the side from which the river was approached. The levels in
this design reflect geochemical variation 1) between supertownships, 2)
between transects within supertownships, 3) between samples within
transects, and 4) between analyses of sample splits.

In general, the two samples from each transect were located about
25-100 m apart. Each was collected by shovel, placed in a cloth bag,
brought to the laboratory and, if necessary, dried before processing.

Each sample was disaggregated and passed through a 2-mm sieve. The <2

mm fraction was further sieved into four size fractions-~->200um, 100-
200pm. 63-100um, and <63um, which are denoted as the A, B, C and D size
fractions, respectively. Fifteen of the resulting 96 samples were randomly
selected and split into two parts and the entire suite of 111 samples was
submitted for analysis in a randomized sequence. The analytical procedures
used are described in Miesch (1976). Due to inadequate amounts in some of
the size fractions, some chemical constituents could not be determined in
all samples. The analysts are J. G. Crock, I. C. Frost, J. Gardner,

W. Mountjoy, V. E. Shaw, and J. A. Thomas.

The analysis of variance results are shown in table 5. Except for
Na,0, Ti, and Zr, which show significant components for three of the
four size fractions, the listed constituents show little important large-
scale variability. Thus, for many of these properties, provisional base-
lines may be estimated which should adequately represent a regional
background for the length of the river in the basin.

Most broad-scale elemental variation appears in the coarser fraction
(A) of these sediments. Thirteen entries in table 5 show such significant
variation, including X, Li, Na,0, and MgO which may reflect variation in
feldspar content or exchangeable ion capacity clay aggregates, or both.
Large-scale variation in Ti and Zr in the C and D (finest) fractions as
well as in the A fraction probably indicates downstream variation in
heavy mineral content. The fraction showing the least broad-scale (down-
stream) geochemical variability for most elements is the B-fraction,
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although the environmentally important element Hg does vary significantly
at this scale in this fraction. Thus, for a large variety of trace
elements (B, Ba, Co, Cu, Li, Nb, Ni, Pb, Rb, Sr, V, Y, Rb, Zn and Zr)

the B-fraction of these sediments constitutes the most geochemically
uniform stream "monitor".

There is a tendency for the elements to have higher concentrations
in the finer fractions. This is best seen in the geometric means in
table 5; average concentrations in fraction D are particularly high.
This may reflect the fact that the most common constituent, in the
larger-grain-size fractions, is quartz which serves to dilute other
constituents. Also, there is a tendency for a decrease in variation
with decreasing grain size as shown by the geometric deviations in
table 5. The combination of increasing concentration and decreasing
variance with smaller-grain size indicates that the finer-sized fraction
of these sediments is the more easily characterized in a chemical sense.
This is so because a smaller variance requires fewer samples for a
stable estimate of a mean, and a higher-mean concentration increases
chances of detecting the constituent,

Finally, a preliminary 2-way analysis of variance test (supertown-
ships vs. size fractions) suggests that no significant interaction is
present except for Ti, Y, Yb and Zr. Again these metals are expected
to occur largely in the heavy mineral fraction. This suggests that not
only does the heavy mineral component vary significantly along the
stream course, but its variation is somewhat dependent on grain size as
well,

32



Table 5,--Statist{cal analysis of partial chemistry of the Powder River stream sediments

rA, 2 mm-200u fraction; B, 100-200u fraction; C, 63-100u; D, <63u fraction;

*, statlstically significant from zero at the 0,05 probability level,

Data

are in parts per million except where noted as percent; leadera (---) indicate

insufficient data for baseline estimation,

Ratio gives the number of samples

ir which constituent was determined Lo total number of aamples analyzed)

Variance component, percent

Summary statistics

Expected
Total Between 95 percent
Constituent Size Logyg super- Between Betuween |Between | Ratio | Geometric |Geometric |Geometric | range
fraction | varfance townships | transects | samples |analyses mean deviation | error (Baseline)
Totsl C, Z A 0.1173 19.6 21.3 47.6 11,4 23,24 0.77 2.20 1.1 0.16-3,73
B .0715 30.3 3.8 47.1 18.8 24: 24 .54 1.85 1.31 «16-1.85
c .0154 44,6 2.1 0 53.4 24: 24 .72 1.33 1.23 J41-1.27
D .0105 4.5 0 95.5 0 24: 24 1,22 1.27 < 1,02 $76-1.97
Hg ==-==c=eee A .3827 0 42,0 55.7 2,3 17: 24 .041 4.16 1.24 .002-.710
B .0688 26,3 "] 60,9 12.8 24: 24 .019 1.83 1.24 wmmm————
c .0612 0 0 85.6 14.4 24:24 .019 1.77 1.24 »006~,060
D .0230 14,2 0 47.6 38,2 24:24 .030 1.42 1.24 »015-,060
Li ==-=eee- «- A .0966 28,8*% 35,6 27.4 8.2 18:24 12, 2,05 1.23 ———————
B .0252 21,1 o 51.8 27.1 24:24 1, 1.48 1,23 5-24
c .0174 8.9 0 45.5 45.6 24:26 12, 1.35 1,23 7-22
] 0094 13,8 0 1.7 84,5 24:26 18, 1.25 1.23 ¢ 12-28
Mg0, % ==-=== A .16907 N2> 37.5, 28.2 3.2 18: 24 .61 2,52 1.18 weemmman
B .0319 35.4% 0 61.5 3. 24: 24 «60 1.51 1.08 EEEEET TS
Cc ,0073 17,4 29,0 45.1 8.5 24: 24 1.07 1,22 1.06 «72-1.59
D .0012 o] 5.1 83.4 11.5 24:24 1.83 1.08 1.03 1,57-2,13
Na 0, X ----- A .0048 58,2 0 36.8 5.0 18: 24 .95 1.17 1.04 ~eeemman
B .0050 0 49.8 25.2 25.0 24: 24 .72 1.18 1.08 +52-1,00
c .0018 49,7 17.1 33,2 0 24:24 .80 1.10 < 1,01 cmmmcmae
D L0013 43,3 0 56,7 0 24:24 .84 1.09 < 1,01 —eem———
Rb «evovenun- A .0161 4,7 40.4 28.3 26.6 18: 24 60, 1.34 1.16 33-108
B L0176 24,2 11.6 39.9 24,3 24:24 49, 1,36 1.16 26-91
[4 .0161 36.9% 0 36.5 26.6 24:24 53, 1.36 1.16 m———
D .0105 [ 0 59.6 40,4 24: 24 61, 1.27 1.16 38-98
Z.n ---------- A .0538 20,9 56.9% 10.3 11.9 18:24 46, 1.7 1,20 16-135
B L0715 6.9 2.6 60.7 29,9 264:24 35, 1.40 1.20 18-69
[ .0103 1.7 0 29.8 62,5 24:24 38. 1.26 1,20 264-60
D 0066 [+] 24,6 60.0 15.4 24: 26 67. 1.21 1.08 46-98
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Table 5,--Statistical analysis of partial chemistry of the Powder River stream sediments -- Continued,

Variance component, percent

Summary statistics

Expected
Total Between 95 percent
Constituent | Size Logyq super- Between Between | Between Ratio |Geometric | Geometric |Geometric | range
fraction | variance | townships | transects | samples |analyses mean deviation | error (Baseline)
Al, % ~~-- A 0.0642 < 0.1 52,7 30.5 16.8 23:24 .4,.88 1.79 1.27 1.7-14
B .0232 <a < W1 64,6 35.4 24:24 3.57 1.42 1,23 2,0-6.2
c .0331 21.4 <.l 41.5 37.1 24: 24 4.01 1,52 1.29 2,1-7.7
D .0162 29,1% <.l 54.4 16.4 23:24 6,12 1.34 1,13 eeecee-
B ----=-=- A .0364 17.4 42,8 <.l 39.8 13:24 14 1.55 1.32 7.0-28
B 0192 7.7 <.l <. 92.3 13:24 14 1,38 1.36 12-17
c .0518 8.6 <.l <.l 91.4 24:24 32 1.69 1.65 23-44
D .0212 <. 34.8 40,1 25.2 24: 24 55 1.40 1.18 31-99
Ba -=--- -- A .0205 < .1 67,9 <.l 321 24:24 870 1.39 1.2 510-1,500
B .0280 4.3 24,3 21.8 49.7 24:24 870 1.47 1.31 510-1,500
c .0179 26.5 <.l 73.5 <.l 24: 24 930 1.36 < 1,02 500-1,700
b’ 0255 34,6% <. <. 65.4 24:24 1,030 1,44 1.35 —————-
Be -====-- D <0299 14.6 <.l 16.6 68.9 17: 24 1 1,49 1.39 «64-1,6
Cay 2 =~=-- A ,0791 5.0 40,5 < .1 S5h.4 24: 24 2,02 1.91 1.61 84-4,9
B .1025 15.6 .1 84.4 <. 24: 24 1,13 2,09 < 1,02 «26-4,9
c .0168 21,2 .1 78,8% <.l 264:24 1.85 1.35 < 1,02 1,0-3.4
D 0247 <.l <.l 84,3 15.7 24: 24 3.18 1.44 1.15 1.6-6.1
[ A .0500 6.3 30.4 10.7 52.6 24: 24 6 1.67 1.45 2,9-12
B .0306 14,0 23,6 8,7 53.7 23: 24 4 1,50 1.34 2,3-7.0
c L0172 1.4 29.4 24,2 45,0 24: 24 3 1.35 1.22 1.9-4.7
D .0117 <.l 29,2 48,1 22.8 24:24 6 1.28 1.13 3.9-9.2
Cr e==-e-- A .1705 14,4% 33.2 6.9 45:5 24: 24 26 2,59 1,90 ee-e---
B .1060 19,4 < .1 75.7* 4.9 24: 24 18 2,12 1,18 eceme-eee
c ,0587 7.6 14.6 71.1 6.6 24: 24 31 1.75 1.15 11-91
D .0574 34,5 26,4% 28.4 10.7 24: 24 19 1.74 1.20 28-220
[ A .1856 33,3 3.2 <.l 63.5 24:24 18 2.70 2,20 @ -e=----
B .0858 1.7 <.l 90,0 8,3 24:24 9 1.96 1.21 2,5-33
4 .0250 19.1 <. 49,9 31.0 24:24 10 1.44 1.22 5.5-18
D 1664 <.l <. 97.7* 2.3 24: 24 34 2,56 1.15 5.3-220
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Table $,--Statistical analysis of partfal chemistry of the Powder River stream sediments -- Continued,

Varfance component, percent

Summary statistics

Expected
Total Betwecn 95 percant
Constituent | Siza Log,, super= Between | Betwcen |Between | Ratlo |Geometric |Geometric |Geometric | range
fraction | yariance | townships | transccts | samples |analyses mean deviation | error (Baseline)
Fe, % =---- A 0,0665 <0.1 57.0% 1.3 41,7 24: 24 2,88 1.81 1.47 1,2-7,1
B .0301 < .l 4,2 70,0 25,8 24: 24 1.52 1.49 1,22 +76-3,0
c L0151 5,2 <.l 68,9 25,9 24: 24 1.67 1.33 1.15 1,0-2,7
D 0194 <.l 10.6 49,4 40,0 24: 24 2,58 1,38 1,22 1.6-4,2
Ga -~===~=- A .C496 20,8 19,1 27.3 32,8 24,24 13 1,67 1,36 eceecaae
B .0248 19,2 <.l 64,7 16.1 24: 24 10 1,44 1.16 5.2-19
c .0185 12,4 < .1 55.3 32.4 24224 10 1.37 1,20 6,01-17
D .0076 8.7 22,8 68, 5% <. 24:24 15 1,22 <1.02 10-22
Ky, & =on==- A 0172 15,6% 25.9 4,7 53.8 264;24 2,90 1.35 1,25  ~eeca- -
B 0106 10.0 <, 41,0 49,0 24:24 2,11 1.27 1.18 1.5-2.9
c 0063 16,2 <. 22,2 61,6 24: 24 2,11 1.20 1.15 1.7-2,6
D 0146 <, 20,4 <.l 79.6 24: 24 2,68 1,32 1.28 2,1-3,4
La ~ecve==- D .0683 37.2% <.l 19.2 43,7 23: 24 49 1.83 1.49 ccccaa -
Ma ~=e=m-- - A 0446 <.l 29.7 <.l 70.3 24:24 310 1.63 1.50 180-520
B .01938 <.,1 55,2% 31.86 13,1 24: 24 220 1.38 1,12 120-400
c L0147 < .1 17.8 82,2% <. 24: 24 220 1.32 < 1,01 130-380
D .0301 37.6* 11.3 38.2 12.9 24: 24 300 1.49 1,15 ceceeee
Nb ~=ccee-a B 0247 < 1 <, 24,5 75.5 13: 24 6 1.44 1.37 4,2-8.6
c .0282 38.,4% < .1 61,6% <.l 20: 24 10 1,47 < 1,01 W eeceea-
)] .,0241 20.7 <.l <a 79.3 243 24 14 1,43 1,37 10-19
Ni ~--=sae- A L1059 32,6% < .1 17.8 49,6 24: 24 13 2,12 1,70 ememeaa
B 0443 21,5 < .1 43,9 34.6 24: 24 6 1,62 1.33 5.2-13
4 ,0257 25,4 3.3 < .1l 71.3 24: 24 6 1,45 1.37 4,0-8,9
D .0230 < .1l 17.0 < .l 83.0 24:24 13 1,42 1.37 9.8-17
Pb ==ces=ea A .0115 5.8 63, 4% < .1 33.9 264:24 17 1,28 1.15 ceecee
B .0101 13.2 < .1 7.8 79.1 24: 24 11 1.26 1,23 8,9-14
c .0084 7.4 <.l <.l 92.6 24: 24 11 1.23 1,23 9.8-12
D ,0078 < ,1 <.l <.l 100 24124 16 1,23 123 cec-aa
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Table S.--Statistfcal analysis of partial chemistry of the Powder River stream sediments -- Continued,

Variance component, percent

Summary statistics

Expected
Total Between 95 percent
Constituent | Size Logyp super=- Between Between | Between Ratio |Geometric | Geometric |Geometric | range
fraction | variance townships | transects |samples |analyses mean deviation | error (Baseline)
§C wmmenee A 0,1275 15.5 10,6 48,1 25,8 15:24 3 2,28 1,52 2,7-3.4
c .0365 <,l 39.6 39,2 21,2 20: 24 3 1.55 1.22 1,4-6.6
D 0294 28, 7% <.l 11.4 59.9 24:24 6 1.48 1,36 LT LT
Sr euecees A .0320 13,1 44,4 9.4 35.1 24:24 180 1.51 1.27 92-350
B 0144 1.9 23,5 3.0 71.6 24: 24 130 1.32 1,26 97-170
c L0124 50,4% < .1 49,6% < .1 24: 24 140 1.29 < 1,01 memenne
D .0087 6.6 <.l 48,7 44,6 24: 24 180 1.24 1.15 130-250
Ti, 4 ==== A 1132 25.2% 11.7 4,3 58,8 24: 24 .090 2,17 1,81 eeeeee.
B 0351 < .1 45,6% < .1 54.4 24: 24 .10 1.54 1.37 .056-,18
c .0355 36,6% 14,4 49,0% <.l 24: 24 17 1.54 < 1.0l eeeeeee
D 0341 36.1% < ,1 63,9% <.l 24:24 .32 1,53 < 1.01 RS TE)
V emmmccene A .1383 30,9+ 15.1 25.7 28,3 24: 24 52 2,35 1.58 cmeeees
B .0386 <.l 7.6 79.0 13.4 24: 24 37 1.57 1.18 16-85
c .0226 27.2 <. 18,4 54,4 24: 24 54 1.41 1.29 34-86
D .0268 11.5 <.1 54,9 33.6 24: 24 92 1.46 1.24 50-170
Y e-merneaas A .0374 40, 1% 3.7 18.7 37.5 24:24 18 1.56 1,31 —emmeae
B .2326 15.4 <. 84, 6% < .1 24: 24 13 3.04 < 1,01 ———————
c .0230 21.6 < .1 27.8 50,6 2424 19 1.42 1.28 12-31
D .0501 38, 6% 19.6 9.5 32,3 24: 24 48 1.67 1.34 mevena.
Ib oo A .0341 34 4* 23.6 4.6 37.4 24: 24 2 1.53 1,30 emeeee-
B .0262 12.3 < .l 68,0 19.7 24: 24 2 1.45 1.18 1,0-3,9
[4 .0350 41,8% < .1 58, 2% < .1 24: 24 2 1.54 <1,01 = emvene-
D .0603 48,7 7.9 18.6 24,8 24:24 6 1.76 1.33 2,3-16
Zr e-ecosee A L0404 32,3 12.3 35,6 19.8 24: 24 61 1.59 1,23 eeeece-
B .0231 1.6 < .1 50.3 48,1 24; 24 76 1,42 1,27 46-130
[4 L1123 49, 6% < .1 30.2 20,2 24:24 210 2,16 1,41 eeeeee-
D .1890 3.7+ 9.9 56 4% 2.0 264:24 820 2,72 1,15 eeeveee
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SOIL AND SAGEBRUSH CHEMISTRY NEAR THE JIM BRIDGER POWERPLANT
by Barbara M. Anderson and John R. Keith

Introduction

A study of big sagebrush (Artemisia tridentata Nutt.), surface
soils (0-2.5 cm in depth), and subsurface soils (5-20 cm in depth)
along four traverses radiating away from the Jim Bridger Powerplant,
Sweetwater County, Wyoming, was started in August, 1973. By sampling
before the powerplant was fully operational, it was intended that the
geochemical background could be established along these traverses for
future monitoring of possible trace-element changes. In general, many
element concentrations vary widely along these traverses and some show
systematic increases or decreases outward from the powerplant. Many of
these decreases can be explained as expected geochemical changes in the
substrate.

The Jim Bridger Powerplant of the Pacific Power and Light and Idaho
Power Companies is located 56 km northeast of Rock Springs, Wyoming, near
Point of Rocks. At full capacity in 1978, the plant will be one of
Wyoming's largest coal-fired powerplants, and will consist of four stacks,
each fifty stories tall, with a rated capacity of 500 MW(e) per unit,
adding two million kilowatts of power to the Wyoming-TIdaho and Pacific
Northwest grid. Construction was started in 1971, with the first unit
becoming operational in the winter of 1974,

The Jim Bridger Powerplant uses subbituminous coal from the Fort
Union Formation. At full capacity, the plant will consume 14.4 metric
tons a minute over its expected life of 35 years. The coal will come from
a strip mine located east of the powerplant that is owned by Union Pacific
and the Federal government. Water for the plant is supplied by a 64-km
pipeline from the Green River (Strabala, 1974).

Physiographic setting

The Jim Bridger Powerplant is located along the northeast flank of
the Rock Springs Uplift, an elongated anticline with a north-trending
axis, and sits on the Cretaceous Almond Formation near its contract with
the Lewis Shale Formation. The non-marine Almond Formation consists of
sandstone, siltstone, carbonaceous shale, and minor coal beds. The
marine Lewis Shale is composed of light-to-dark gray calcareous to non-
calcareous shale and fine-grained sandstone (Spitzer and May, 1975).

A1l bedrock in the area of study consists of sedimentary rocks of upper
Cretaceous and lower Tertiary age that crop out in high-walled rock
faces or escarpments.
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The climate of the area is that of a Middle Latitude Steepe (Tre-
wartha, 1954), where potential evapotransipiration from the soil and
vegetation generally exceeds the average annual precipitation. The
average temperature of the coldest months is below freezing. The
precipitation ranges from 15-38 cm/year, most falling as snow in the
winter. Winds are predominantly out of the west and southwest.

The soils of this area are derived primarily from shales and tend
to be high in soluble salts and low in nitrogen. The soils, in general,
are considered to be warm and dry and lack moisture for plant growth for
long periods. The most common soils in the area are classified as
Haplargid plus Torriorthents (U.S. Geological Survey, 1970). They are
light brown, have a loamy horizon of clay accumulation, are low in
organic matter, and are rarely moist for more than three consecutive
months. Salorthid soils are also present and are characterized by no
horizon or accumulation of clay, but may have accumulations of calcium
carbonate, gypsum, or other salts.

The vegetation of the Jim Bridger area is a sagebrush steepe
(Kichler, 1964), consisting of open grassland with dense to open shrub
stands. The dominant grass is bluebunch wheatgrass (Agrapyron spicatum
(Pursh) S. and S.). Growing throughout the area is a number of species
of sagebrush, but only the dominant species, big sagebrush (Artemisia
tridentata Nutt.), was chosen for the botanical part of this study.

Methods of sample collection and preparation

All samples of sagebrush and soils were collected in August 1974.
Plant samples were collected using stainless steel shears. Each plant
sample (approximately 50 g) consisted of stems and leaves from the
terminal 15 cm. The samples were stored in quart-size, refrigerator-
freezer boxes. In the laboratory, the unwashed plant tissue was ashed
and analyzed for a variety of metals using emission spectrographic,
atomic absorption, selective ion electrode, and other techniques
described in U.S. Geological Survey (1975, p. 74-78) and Miesch (1976,
p. 14). The elements fluorine, total sulfur, arsenic, mercury, and
selenium were determined in dry plant material.

The soil samples were collected by first removing coarse surface
material and plant or other non-soil debris. At all sites, a surface
soil sample (0-2.5 cm depth) and a subsurface soil sample (5-20 cm
depth) were collected using a chrome-plated trowel. The samples
(approximately 200 g each) were stored in paper soil envelopes and were
analyzed by methods described in Miesch (1976).

All plant and soil samples were analyzed in a randomized sequence
to reduce possible effects from systematic laboratory error. The samples
were prepared and analyzed in laboratories of the U.S. Geological Survey
in Denver. Analyses were performed by J. Baker, L. Bradley, W. Cary,

C. Freeman, J. Gardner, P. Guest, T. Harms, R. Havens, C. Huffman, Jr.,
L. Lee, V. Merritt, C. Papp, L. Riley, V. Shaw, G. Shipley, J. Thomas,
R. Van Loenen, J. Wahlberg, and T. Yager.
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Sampling Design

The sampling design consisted of collecting soil and plants at
geometrically increasing distances along four traverses radiating
north, east, south, and west from the powerplant (fig. 7). At each
locality two sites, separated by about 230 m, were chosen. A sample
each of big sagebrush, surface soil, and subsurface soil was collected
at each site. Five localities were sampled along both the north and
gouth traverses, and six localities were sampled along the east and
west traverses. There were a total of 22 sampling localities from
which 44 sagebrush samples and 84 soil samples were collected (no soils
were collected at site 3E). Analytical results and distances of samples
from the powerplant are given in Appendix V, table 3.

Statistical analysis and results

Connor, Keith and Anderson (1976) successfully used a log-linear
function of the following form to relate metal concentration in the
landscape to distance from the Dave Johnston Powerplant:

log X = a + b (Log D)

Log X is an estimate of the logarithmic concentration of a chemical
constituent at a point and Log D is the logarithm of the distance in
kilometers of the point from the powerplant. The coefficient, a, is the
estimated logarithmic concentration at 1 km and the coefficient, b, is
the estimated slope of the concentration trend away from the powerplant.

Because one effect of element emissions from a powerplant is assumed
to be a continual element accumulation in the landscape near the power-
plant, the logarithmic model given above should have a negative b
coefficient if such accumulation is pronounced enough.

Inasmuch as the work described here was undertaken prior to
completion of the Jim Bridger generating plant, it was not expected
that geochemical variation related to the logarithm of distance from
the powerplant would be found in either soils or sagebrush; that is,
b was expected to be near zero. However, a large number of significant
relations were found in this study, particularly along the southern
traverse (table 6). Thirteen chemical constituents along this traverse
significantly increase with distance in both the surface and subsurface
soils, including A1l,0;, the most important constituent of clay (Appendix
V, table 3). 1In addition, Si0, in the subsurface decreases in a signifi-
cant way. Clearly, these changes reflect, in large part, lithic changes
in bedrock from dominantly shale of Cretaceous age at localities 1S, 28,
and 3S to dominantly sandstone of Tertiary age at localities 4S5 and 5S.

Increases in elemental concentration away from the powerplant were
also found to be significant for a number of constituents along the
west traverse, although here the dominant effect appears to be noticeably
low concentrations in localities IW and 3W (Appendix V, table 3). The
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Table 6.--Percent of total observed logarithmic variation in sagebrush and
sofl constituents accounted for in terms of logarithmic distance

from the Jim Bridger Powerplant,

[A, sagebrush ash; S, surface soil (0-2.5 cm depth); SS,
subsurface soil (5-20 cm depth); percentage in parentheses
indicates an increase in concentration with distance,
otherwise percentage indfcates a decrease in concentration
with distance; blank, distance-related variation is not
significaut at the 0,05 probability level]

Direction of sampling traverse

North East South West
Constituent A I S [ ss A l s Iss A] S [ss A—[ S Lss
Fe 62 an Gy

Ca 41 (36)  (34)
TL 58 (69) (51)

Mn 91) (78)

B 46 48 42

Co (78) (58) 45)

Cr (81) (65) (33)

Cu (74)  (53)

Ni 50 (62)

Pb (40) 69

Sc (718) (78) (39) (48)
St n (54) (46) (36)
v (65) (70) 33 (31
Y 51 (69) (44)

Zr 45 (57) (68) (51)

P kT3

Ga (63) (89)

Li 3an (74)

Mg0 47 (68) (59) (38)
Na,0 (84) (89) (73) (62)

F 471/

c, total 37 51 65

C, carbonate W 44 35) (3N
C, organic 41 45 (51)

ALy, (76) (83)

si0, 53 45
Se 601/

Ash 49t/

cd (78)

st 62

l/ (onstiturnt determiind on dry welght,

4.1



importance of the major element, Ca, here suggests, again, a geologic
control. These two sites are relatively low in Ca (and in the subsurface
are relatively high in Si0,) and likely reflect a calcium-poor substrate.
The increase in Na,0 along the north and east traverses may reflect a
relatively high content of Na-Feldspar in the Tertiary rocks at locali-
ties 4N, 5N, 4E, 5E, and 6E.

Chemical variability in soil along the north and east traverses
is less marked than along the south and west traverses. Carbon decreases
along both, and Na,0 increases along both suggesting, again, parental
control of soil composition. In both directions, the parent bedrock
changes from carbonaceous shale (relatively high carbon) to arkosic
sandstone (relatively high Na,0). Controlling features of the trends
in subsurface soil along the eastern traverse are the occurrence of
high Na,0 and Al1,0,;, and low Mg0O, and C (both total and organic) in
localities 5E and 6E compared to the other localities. Similarly,
total carbon in the surface soil, and yttrium and organic carbon in
the subsurface so0il of the northern traverse, and B in the surface of
the eastern traverse largely reflect the occurrence of exceptionally
high concentrations in samples closest to the powerplant (IN and 1E).
Possibly, such effects reflect construction or mining activities.

Regression analysis of the sagebrush chemistry resulted in many
fewer significant relations than were found in the soils, and all but
two of twelve trends so defined decrease away from the powerplant
(figs. 8, 9 and 10). Of the four traverse directions, the one to the
north exhibits the most trends (seven). Three of these trends (Fe, Ti,
and F) are visibly controlled by high concentrations in the first
locality, 1IN (Appendix V, table 3), suggesting as mentioned above that
they may be reflecting construction or mining activities. In this
sense, the three elements can probably be viewed as point-source pollu-
tants. Construction was heavy on the north side of the Bridger power-
plant at the time of sampling, and the resultant suspended dust may
have been a source of sagebrush contamination. This conjecture 1is
supported by the higher ash and titantium values at localities close
to the powerplant. According to Shacklette (1965), titanium is the
most favorable trace metal in plant material for determining the extent
of soil contamination. Unless the dust had a special character, it is
difficult to account for the elevated fluorine. WNevertheless, its
presence is especially interesting because this element seems to be an
important pollution suspect in vegetation at "on-line", coal-fired
powerplants (this report, figs. 4 and 37).

Variation in Ca and B on the southern Traverse (fig. 10) is also
largely controlled by elevated concentrations at the nearest site (1S).
In contrast, the increase in Cd southward is strong, even if the first
locality is ignored. Also, the trends in P (decreasing) and Sr (increas-
ing) west of the plant are probably real but, again, lack a ready
explanation., The positive slopes seen for Cd and Sr (fig. 10) are
interesting because Cd is one of the more environmentally important
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Figure 8.--Metal trends in ash of sagebrush north of the Jim Bridger Power-
plant, Wyoming. Open circles indicate concentrations below the limit of
analytical detection that are arbitrarily taken as about 0.7 of the limit.
Correlation coefficients in parentheses Where three analyses are given
at a site, two represent analyses of a single sample.

43



Log ash = 4.93 - 0.087(Log D)

(r = -0.79)
100,000 .
=000y 1 5 35 a

°
2]
ho J
| &8
Fel
-]
o 50.L
a ?Log F = 1.42 - 0.222(Log D)
30_!! (r = '0-68)
°
z
o
[}
3
>
| &
ke)
<
[
o
E
o
[
a
@
5
a
[ )
]
"~ 034 Log Se = -0.530 - 0.481(Log D)
(r = -0.83)
024
0151 .
01 T T T —
1 3 10 25 42

Distonce north of powerpiant (km)
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elements, and Sr in big sagebrush is listed as a suspected pollutant
around the Dave Johnston Powerplant (Connor, Keith, and Anderson, 1976).
The low concentrations of both of these elements close to the powerplant
indicate that if pollution "halos" were to develop in the future around
this powerplant, they would not necessarily be exhibited by decreasing
trends, at least along these particular traverses.

Metal trends in sagebrush involve a different and more limited
suite of elements than do those of the soils, indicating that sagebrush
geochemistry varies independently of substrate geochemistry. Moreover,
if the sampling localities nearest the powerplant are ignored, six of
the sagebrush trends (figs. 8, 9, and 10) would become either nonsignifi-
cant or strongly reduced. These observations suggest that a provisional
estimate of the geochemical background in sagebrush is possible if sum-
maries are based on all data except that from sites 1IN, 1lE, 1S, and 1W.
Such summaries are given in table 7.
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Table 7.--Geochemical summary of data from sagebrush (Artemisia

tridentata) around the Jim Bridger Powerplant, Wyoming

{Data in parts per million, except wherc noted as

percent (%); GM, geometric mean; GD, geometric deviationg
GE, geometric error; ratio gives the number of ssmples

in which the constftuent was determined to the total
number of samples analyzed; leaders (--) indicate base-
line cannot be estimated with given data)

Expected

95 percent

range
Const{tuent Ratio M GD CE (Bsscline)
Asl/ 38: 41 0.15 2,46 1,22 0.026-0.87
129 41:41 15 1.71 1.26 5.7-39
gt/ 41:41 019 1.45 1.14  .0094-,038
5 41:41 L5 1,26 1,10 .099-,23
sel/ 41: 41 152,59 1.10 .023-1,0
Ash, Y 41:41 6.9 1,25 1,08 4.6-10
Al 2 41:41 2.2 1.62 1.17 .88-5.5
B 41:41 260 1.43 1.46 --
Ba 41:41 310 1.66 1.17 120-790
Ca, 2 41:41 9.1  1.24 1,04 5.9-14
cd 41:61 2.8 1,72 1,15 .98-8.0
o 41:41 1.8 1.93 1.40 .58-5.6
cr 41:41 16 1.61 1.15 6.4-40
Cu 41:41 110 1.42 1.30 69-170
Fe, 1 41: 41 68 1.64 1.29 .29-1.6
K, % 41:41 23 1.33 1.09 13-39
L1 41:41 13 1.59 1.19 5.5-31
vg, 2 41: 61 1.5 1.31 1.33 --
Mn 41:41 470 1.53 1.37 270-830
Yo 41:41 9.8 1,39 1.30 6.6-15
Ya, % 41:41 .21 1,83 1.22 .067-,66
5t 32:41 10 1.66 1.25 4.1-24
P, % 41: 41 2.7 1.46 1.15 1.3-5.4
b 41:41 46 1.53 1.38 26-80
<1, 2 41: 61 8.6 1,63 1,14 3.4-22
st 41:61 360 1.66 1.21 140-900
T 41:41 910 1.73 1.48 420-2,000
u 40: 41 .77 157 .21 .34-1.8
v 4061 26 1.85 1.33 8.8-77
Za 41:41 250 1.55 1.10 120-660
r 41:61 59 1.71 1.30 23-150

1/ betermined on dry weight,
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GEOCHEMISTRY OF GREEN RIVER OIL SHALE
by Walter E. Dean

Introduction

This report brings together a wide variety of selected trace and
minor element data on the Green River o0il shale in order to examine in
a provisional way, the geochemical variability of those bedrock materials
likely to be brought to the surface by energy-related activities. Table
8 summarizes data from six sources. General sample locations are shown
in figure 11.

Included here are summaries based on unpublished as well as
published work. A search was made of the U.S. Geological Survey's Rock
Analysis Storage System (RASS) for analyses of oil shale from the
Piceance Creek (Colorado), Uinta (Utah), and Green River (Wyoming)
Basins. Where possible, only analyses of drill core samples were in-
cluded in the compilation in order to eliminate possible weathering
effects; however, all samples from the Green River Basin were collected
from outcrops or roadcuts. The groups of RASS analyses are referenced
by the name of the sample submitter, all of whom are Geological Survey
personnel. Most of the analyses are of samples from potentially economic
0il shale zones in the upper part of the Green River Formation. A few
additional trace element data may be found in Stanfield and others (1951)
and Smith and Stanfield (1964).

Seven trace elements listed in table 8 are generally considered of
particular environmental interest, and geochemical work by the lessees
in the prototype 0il shale program has focused on analyses for these
elements in both 0il shale and soil as part of predevelopment baseline
environmental assessments. These elements are cadmium, antimony, arsenic,
mercury, selenium, fluorine, and boron. Ranges in concentration reported
in table 8 for minor and trace elements are shown in figure 12. Also
shown in figure 12 are provisional estimates of average concentrations.

The dominant minerals in Green River o0il shale are quartz, dolomite,
albite, and calcite (usually in that order of abundance) with minor
amounts of siderite, analcime, K-feldspar, dawsonite, and nahcolite, all
of which may occur locally as major constituents. Therefore, the dominant
major elements are silicon (quartz + minor albite, analcime, and K-feld-
spar), aluminum (albite, dawsonite, and K-feldspar), and sodium (albite,
dawsonite, and nahcolite). 1Iron usually occurs in concentrations between
1.5 and 2 percent, and is present mainly in pyrite, ferroan dolomite,
and siderite. Titanium rarely occurs in concentrations greater than 0.2
percent, and minor amounts of phosphorus and sulfur are usually present,
mainly in the form of apatite (phosphorus), and organic material and
pyrite (sulfur). Desborough and others (1976) examined the mineralogy
of 0il shale by X-ray diffraction and attempted to relate element abun-
dances to mineralogical residences. Additional reports on the mineralogy
of the Green River o0il shale include Smith (1974), Desborough and Pitman
(1974), Robb and Smith (1974), Beard and others (1974), Dyni (1974),
Desborough (1975), Desborough and Pitman (1975), Desborough (1976).
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Table 8.--Ranges, geometric means (GM) and geometric deviations (GD) of concentrations of
selected elements in Green River oil shale from the Piceance Creck (Colorado),
Uinta (Utah), aud Green River (Wyoming) Basins -- Continued.

I Plceance Creek Basin Uinta Basin GI"een

b g . Ll e e ey b T 71 River
Desborough Basin
lement Vinel/ Dynié/ Donnelly C—ay C~b5/ Cooké/ et al.-?/ Vinel/ Vinel/
anganese
ranve <306-700 20-300 - -- - 34 180-300 150-1,500 | 70-1,000
257 174 230 320 280
l 2.26 1.63 1.84 1.79
olybdenum !
range : €5,0-3,0 1<5,0-50 -- -- P e 4,9 7.0-40 <3,0-20 <5.0
1 16 ‘ 20 5.2
[ 2,11 | 1.82 i 2.03
1ckel ; | |
range 20-€0 <5.0-200 - - i -- 11 20-40 3.0-20 [3.0-50
39 18 f 28 22 15
lS 1.23 1.66 ; 1.67 2.29
candlum i
range <5.0-15 15.0-200 - - —— 2.4 <5.0-10 - . -
7.5 8.8 .
1.31 2.01 e |
trontlum | |
r‘angc 10-2,000 :20-720 - - ) - 69 49-690 150-1,000 #00-1,000
870 300 : 560 380 560
2.79 1.51 1.92 2.41
anadlum ;
lV range <15-200 j20-200 - -- P - 29 100-200 20-100 20-150
G M 125 . 109 130 61 62
1.3 1.53 1.70 1.74
range -- -- -~ -— - 13 49-110 -- --
G.M, 81
Zirconium .
range <10-200 - - - - 9.3 20-70 10-150 20-200
G.M, 38 49 53 77
G.D. 1.80 ! 2.29 2.23

1/ From unpublished data of James D. Vine (U.S. Geolosical Survey). Includes 36 samples of core material
in the Piceance Creck Bzsin (sample rumbers D114433-D114438; D118018-D118046), 14 samples of core
material in the Uinta Basin (samplc numbers D142083-D142085; D142088-D142096; D143400-D143401), and
nine samples of outcrop and roadcut material in the Green River Basin (sample numbers D129429-D129430;

D129454-D129459; D129665),

2/ From unpublished data of John R, Dyni (U.S. Geological Survey). Includes 371 samples of core material
(sample numbers D122302-D122399; D129483-D129495; D130466-D130681). Data for potassium, strontium,
and sodium are based on 371 analyses; all other summaries are based on 89 analyses,

3/ From unpublished data of John R. Donnell (U.S. Geological Survey)., Includes 183 samples of core
material (sample numbers D1538971-D159153).

4/ Rio Blanco 01l Shale Project (1975), Two hundred end thirty samples of fresh shale from the C-a lease tract,
5/ C-b Shale 01il Project (1975). One hundred end forty samples of fresh ghale from the C-b lease tract,
6/ Cook (1973). One composited, pyrolized (at 500°C) sample of the Mahogany Bed at the Colony Mine,

l 1/ Desborough and others (1976). Ten samples of oil shale from the Piceance Creek and Uinta Basins,
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Figure 11.--Location of selected sample sites for oil shale, distribution of the
Green River Formation, and lease tracts C-a, C-b, U-a, and U-b.
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Trace elements

The summaries in table 8 and the extant literature suggest the
following notes.

Cadmium.--A concentration around 1 ppm would seem to be a reasonable
average for Green River oil shale. The mean concentration for raw shale
reported by the C-b Shale 0il Project (1975), is less than half of a part
per million whereas the mean reported from the C-a tract (table 8) is
over 2 ppm. Cadmium probably occurs as a substitute for zinc in minor
sulfide minerals.

Antimony.~-The values for antimony given in table 8 exhibit a range
of <1-6 ppm. The values from the C-a tract and from Cook (1973) may be
low, and Desborough and others (1976) suggest that some Sb may be vola-
tilized during pyrolysis. An expected concentration on the order of 1
ppm antimony might be a reasonable average for raw oil shale.

Arsenic.--The C-a tract values and the single Cook value are low
compared to the data of Desborough and others (1976) and the C-b tract.
The low concentration (7.2 ppm) reported by Cook (1973) in pyrolized oil
shale led Desborough and others (1976) to suspect that perhaps As, like
Sb, may be volatilized on pyrolysis, but they could not confirm this.
An expected value for arsenic on the order of 35 ppm seems reasonable.
Microprobe studies by Desborough and others (1976) indicated that most
of the As was present as a substitute for S in pyrite.

Mercury.--The average concentrations for mercury in table 8 all
fall within a fairly narrow range, and a value of 0.4 ppm probably
represents a reasonable average for o0il shale. Cadigan (1970) reported
a median concentration of 0.1 ppm Hg in 260 samples from the Uinta and
Green River Formations of the northern Colorado Plateau. Donnell's
samples included ten each of raw and pyrolized oil shale from the same
core intervals. The geometric mean concentrations of Hg in the fresh
and spent shale were 3.7 and 3.1 ppm respectively indicating that little
Hg is lost on pyrolysis.

Selenium.~-The means for selenium in o0il shale from the C-b tract
and from Desborough and others, suggest an average concentration on the
order of about 1.5 ppm. Selenium may substitute for sulfur in sulfide
minerals, but may also occur as elemental selenium in a number of organic
compounds.

Fluorine.--Mean concentrations of fluorine in oil shale listed in
table 8 range from 550-1,300 ppm; a value of about 1,000 ppm would appear
to be a reasonable concentration for fluorine in an average oil shale
sample. Microprobe studies by Desborough and others (1976) show that F
occurs as 5- to 10-um grains of fluorite and cryolite disseminated
within the shale.

54



Boron.--Mean values for boron listed in table 8 range from 22 to
over 100 ppm, and average about 70 ppm. Desborough and others (1976)
concluded that boron resides in K-feldspar disseminated throughout the
Green River Formation.

Barium.--Table 8 suggests that a concentration on the order of 450
ppm barium is a reasonable average for typical Green River oil shale,
although values of several thousand ppm (that is, several tenths of a
percent) should not be surprising. The most probable mineral residence
of Ba is in barite. Barite is a common diagenetic mineral in marine
sediments, especially in organic-rich sediments (Church and Wolgemuth,
1972; Cronan, 1974; Dean and Schreiber, 1976).

Cobalt, Chromium, and Copper.--Suggested concentrations of these
three elements in the average Green River oil shale are on the order of
10 ppm for cobalt, 35 ppm for chromium, and 40 ppm for copper. Cook's
value of 39 ppm cobalt appears to be too high while his value of 15 ppm
for copper appears to be too low. All three of these elements are
probably present as substitutes for iron in pyrite (Desborough and
others, 1976).

Gallium.--The data in table 8 suggest typical concentration on the
order of 10 ppm gallium.

Lead.--Most of the data for lead falls within a fairly narrow range
and suggests an average concentration in oil shale of about 20 ppm.
Lead probably resides in a sulfide phase, either as a separate trace
sulfide or substituting for iron in pyrite.

Lithium and zinc.--The only values for lithium and zinc listed in
table 8 are those by Desborough and others (1976) and Cook (1973) who
give markedly contrasting figures. Desborough's data suggest that
average oil shale probably contains less than 100 ppm each, perhaps
75 ppm. Desborough and others (1976) report correlations between
lithium and fluorine, calcium, and magnesium, suggesting that lithium
is associated with one or more carbonate phases.

Manganese.--Except for Cook's value of 34 ppm, the data on the
manganese in oil shale suggest a typical concentration on the order of
250 ppm. According to Desborough and others (1976), the main occurrence
of manganese in 0il shale is substitution for iron in ferroan dolomite,
siderite, and magnesiosiderite.

Molybdenum and Nickel.--Most of the values for molybdenum in oil
shale lie between <5 and about 20 ppm, suggesting an average concentra-
tion of perhaps 10 ppm. Wickel concentrations tend to fall within a
fairly narrow range of 15 to 40 ppm, with an average of about 25 ppm.
Desborough and others (1976) report general correlations between both
Mo and Ni and sulfide-S, suggesting that the dominant residences for
both elements are in sulfide phases, probably substituting for irom
in pyrite.
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Scandium.--The limited values for scandium suggest an average
value for oil shale of about 8 ppm.

Strontium.--The data for strontium in table 8 range from 10 to
2,000 ppm. The values of Desborough and others (1976) and Dyni were
obtained by atomic absorption and probably represent more reliable
results than those obtained by semiquantitative optical emission
spectrometry (Vine's samples), and an average of about 300 ppm is pro-
visionally suggested. Most of the Sr in o0il shale probably occurs as
a substitute for Ca in calcite and dolomite.

Vanadium.--Concentrations of vanadium show considerable variation,
and this probably reflects variation in amount of, and concentration of
vanadium in, organic material within the Green River Formation. A mean
value of about 100 ppm seems reasonable. The value of 29 ppm V in
Mahogany zone 0il shale from the Piceance Creek Basin reported by Cook
(1973) appears low, although this may reflect the fact that his sample
was pyrolized prior to analysis.

Zirconium.--Most zirconium concentrations in table 8 fall between
10 and 200 ppm, and an average of about 50 ppm seems reasonable. Again,
the value of 9.3 ppm reported by Cook (1973) appears a little low.
Desborough and others (1976) suggested that most of the Zr in the Green
River Formation probably occurs as zircon.

56



CHEMISTRY OF NORTHERN GREAT PLAINS SOILS
by Ronald R. Tidball and Ronald C. Severson

The sample design employed and some preliminary data from a
reconnaissance study of total chemical composition of soils in the
Northern Great Plains Coal Province were described in U.S. Geological
Survey (1975, p. 36-49). Additional analytical results are given here.
We are repeating the data summaries presented in the 1975 report in
order to reflect an alternate interpretation of the analytical error
variance. In brief, we have estimated the analytical-error variance
component separately for both the A-horizon and the C-horizon, by
including the duplicate analyses as an incomplete 6th level in the
nested analysis of variance (ANOV) design of the entire data set, as
follows:

Number of units at each level

Analytical
Terrain 100km  50km 10km 1km A-horizon C-horizon
Glaciated 12 24 36 48’)r 12 2%
Unglaciated 22 44 66 88 . :
Total 34 68 102 136 148 152

Analysis of variance

Degrees of freedom

Level Source of wvariation A-horizon C-horizon
1 Between terrains 2-1=1 2-1=1
2 Between 100-km cells 34-2=32 . 34-2=32
3 Between 50-km cells 68-34=34 68-34=34
4 Between 10-km cells 102-68=34 102-68=34
5 Between 1-km cells (samples) 136-102=34 136-102=34
6 Between analyses 148-136=12 152-136=16
Total 148-1=147 152-1=151

The degrees of freedom are computed according to Anderson and Bancroft
(1952, p. 328). Variance components for all elements reported to date
are given in table 9.

The distribution of the components indicates that for most
elements the greatest percentage of variance occurs at the local level
within areas with dimensions up to 10 km on a side. The analytical
error for several elements exceeded 50 percent of the total variance
and was, therefore, judged to be excessive. WNo interpretation is given
for such elements. Of the remaining 54 entries, 28 exhibit significant
(at 0.05 probability level) differences between glaciated and unglaciated
terrain. Several elements are also significantly different between areas
‘that are 50 or 100-km on a side. The variance components are used to
compute the variance mean ratio.
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Table 9.,--Vailarce componvnts cxpressed as percentage of total vaviance i{n samples of two

horizons of soils from the Northern Great Plains, end variance mean ratio, Voo

for 100-km cells

[*, significant at 0.05 level]

Soll Total log10 Butween Between Between Betwecn Between |Analytical
Element | horizon | variisnce terrains | 100-km cells | 50-km cells | 10-km cells | l-km cells error v.
Al a=eae A 0.0069 11.7% 0 32.3% 3.3 31.7* 21.0 0.34
c .0106 11.0% 0 16,2 0 66,9% 5.9 .39
. JEEEPEES A « 0446 0 8.8 0 48,9% 18,4 23,9 <30
[ .0466 0.7 10.2 [+] 12.1 69,7+ 7.3 l 46
Ba «a-e= A © L0175 4] 6.3 4] 3.1 3.2 87.5 .26
c .062% [¢] 9.0% 0 21,9% (] 69.1 «35
Be a==w= A .0340 6.4+ 0.03 6.4 0 55, 7% 31.4 »25
c .0477 1.3 0 52,1 ] 28, 9% 17.6 .03
[ A 20444 25,.6% 20,7% 0 447 48, 5% '] 3.3
c .1293 21,2% 12,5% [ 13,6 52,1 .6 1.8
Ca ~=a-e A 1586 0 18,8% 0 21.3 59,5% b «82
c 1166 26,4 4,0 4,6 7.2 57 4% o4 1.5
Co ~=-=- A .0400 [¢] 0 49,0x .5 25.0 22.5 0
c 20411 .6 1] 24,9 0 58,5¢ 16.0 .02
Cr ~=e=- A 0434 0 17,2% 0 0 15.3 67.5 .83
[ .0679 7 0 32.2% 0 42,.0% 25,1 .02
Cu =m=an A .0470 7 0 22,7 2.8 44, 5% 29.4 .02
c .0877 4] 0 17.8 0 48 2% 34.0 0
| A ,0827 2,45 11,8 5.4 o ) 80.4 .60
c .0693 .1 0 0 26,2% 0 73.7 <.01
Fe wav-n A .0329 0 18,1% ] 62,9 18,6% N .64
c .0291 [¢] 0 20,2% 0 79.5% o3 o
Ga ~==-- A .0287 3.0 0 10.4 0 42,5 44,0 .11
4 .0565 2,0% 0 29,2 0 41,3 27.6 .06
Hg ===== A L0672 6,4% L.8 0 55.0% 2,9 30.9 .39
c 0736 3.8 3.7 6.3 0 82,9 3.3 .29
K ~m=vas A ,0038 43,7% ] 13,3 4.4 36.6% 2.0 2,2
[ .0033 39,6% 0 21,6% 2.4 35.9% .5 1.7
La ~=--- A .0353 2,7 1] o 9.4 30.3 57.5 .11
c 0553 N3 0 15.9 0 45,3% 38.4 .01
L{ -o-e- A 20209 3.0 4.1 11,1 ol 79.1% 2,6 .26
[ L0440 0 . 0 25.4 0 68, 2% 6.4 0
Mg =--=- A .0477 0 5.2 40.3 18.8 35.5% .2 .13
[ .0629 10,7* 17.2% 0 27.6% 44 4% .1 1.3
My =eeen A .1851 22.6x 0 0 33,0+ 8.2 36.2 .96
[ L2361 10,6* 9 31k 4.2 24.3 26,8 .31
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Table 9,-~Variance componunts expressed ns percentago of total variance {n samples of two

horirons of soils from the Northern Great Plajns, and variance mean ratio, vor

for 100-kn ce¢lls -- Continued

Soil Total log ‘ Between Batween Between Between Between |Analytical | v
Element {horizon |variance terrains | 100-itm cells |50-kn cells | 10-km cells | 1-km cells exror =
Mo ===== A 0.1068 0.5 7.8% 11.1 0 44,4 36,2 .3
c 1860 o 0 32,5+ 0 25,7 41,8 0
Nal/ --- A L0774 7.7 19,5 10.1 0 62,2 * 5 1.2
c 1249 1.6 7.2 0 29,2 61,1 9 .33
Nb ==eem A .0510 7 0 19.1% [ 24,5 55.7 .02
c 0600 0 0 21,3 18,8 0 59.9 0
Ni -enee A 40275 () 11,0% 0 12,3 40,6 36,0 46
c 10519 3.8% )} 20,8 o 58,2¢ 17.2 .12
P ameee- A <0319 0 1.1 5.7 0 0 93,2 04
c .0281 0 0 17.9 0 4,9 77.2 0
Pb ~~vee A .0396 1.9 0 9.9 0 26,6 61.6 .07
c 0826 .1 0 39,6 0 35, 4% 24,9 <.01
Rb ==cec A .0093 25,0% 1.0 0 29, 2% 24 8% 9.9 1.8
c .0186 31.2% 0 3.3 9.6 49,3% 6.8 1.6
S¢ ~meee A 0622 0 S.1 0 6.9 21,3 62,2 .39
c L0772 2,2 0 22,9 0 5.8 69.1 .07
sil/ oo 9.531 0 27.0% 0 7.6 52,04 13.4 1.4
c 12,61 6.9% 9.3 0 7.3 64,7% 11.8 T4
Sp mewe- A .0295 8,8% 2,1 0 37,5+ 33,4+ 18.3 «40
(3 .0372 9.3 6.1 0 0 7548 8.8 I3
Th ==--- A 0094 17.7% 5.5 0 29,2% ia.s 24,1 1,0
Y/ .0208 13.3+ 0 2.2 16.5 17.1 50.9 .54
T/ . A .0023 o 1.2 0 39.9* 32,2« 16.7 o1
! c 0041 1.3 0 6.4 0 87.4* 4.9 .05
U =emven A .0131 N7 10,2 0 18.0 37.6% 2.5 2,5
c .0288 17,7% ) 10.6 11,5 57.9% 2.3 .68
L A .0171 7.3 0 3.1 12.6 22,1 54.9 .28
c 0449 10,74 0 17.5% 0 60,6% 11,2 .37
Y cemmon A 0369 2.2 7.1 0 0 47,2 43.5 W41
c 0361 o 0 0 30.9* 29,1 40,1 0
Tb =e-en A .029% 6,4% o 9.0 0 3.3 81.3 2%
c L0347 1.2 0 0 26.7% 24,5 47.6 .04
T ¥ S A 540.2 3.3 19.0% () 13.4 62,4% 1.9 1.1
c 413.5 ) 0 10,7 ) 76,9% 14.4 0
2r =~=-- A 0554 4,6% 2.3 0 10.0 0 76.6 .59
c L0404 0 5.0 4.2 0 22,9 67.9 2,0
1/ Varlance cozputed oo arlil sotic Lasis,
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Variance mean ratio

The variance mean ratio, v_, of Miesch (1976) provides an index
of the relative stability of th® estimate of the mean of any given cell
size based on the data already collected. 1In particular we use v to
evaluate the feasibility of mapping the regional distribution of Slements
using means computed for 100-km cells. We require that v_ equal or
exceed a value of 1.0 for such maps. The equation for v has been modi-
fied from that of Miesch to account for the staggered, nested design
(U.S. Geological Survey, 1975, p. 39), as follows:

RT + PIOO

350P50% 310F10" 21(P1* Fe)
where the subscripted P's are the percentages of total variation in
table 1 corresponding to terrains, 100-km cells, 50-km cells, 10-km
cells, 1-km cells (samples), and analytical error, respectively. The
denominator is the variance of the mean of 100-km cells. The coefficients,
a,, which represent the average numbers of samples in each level of the
design, are developed from the general expression of Leone and others
(1968), p. 725),

2 2 2
+ n e
Q=M 5+ n?
i N2

where n,, n,, and so forth are the numbers of samples within each unit
of a level, and N is the total number of samples within the level.

The computations are illustrated in figure 13 for each coefficient
in the equation for v_ (above). The necessity to sum the two lowest
variance components (? +P ) stems from the irregular distribution of
the analytical duplicatesethrough the staggered sample design. The
inability to treat P_ as a separate term here results in a slight
artificial inflation®of the value for Vo
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100-km cell without analytical

duplicates, staggered design

100 -km
50 -km
10 -km

1-km r_"7

Analytical error variance, P, is estimated from duplicates, as
follows:

A-horizon, 12 duplicate pairs

C-horizon, 16 duplicate pairs

Coefficients:

% (no. in 50-km cell)®

a = 3
>0 (no. in 100-km cell)”
2 =
Il - e
4
2 < <
ajp = 2 XL * L 455

Figure 13.--Computation of coefficients, aj, for the variance mean
rat io, Vin-
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Element distributions

The elements shown in table 9 have been placed into one of five
groups on the basis of significant variance components and the value of
Vo The groups are, as follows:

(A) Elements with Vi less than one:
(a) Without significant variance at the terrain level;
(1) Without significant variance at the 100-km level--

elements included are boron, cobalt, copper, gallium,
lithium, magnesium, titanium, and yttrium in A-horizon,
and boron, beryllium, cobalt, chromium, copper, iron,
lanthanum, lead, lithium, mercury, molybdenum, sodium,
titanium, yttrium, ytterbium, and zinc in C-horizon.

(2) With significant variance at the 100-km level--

elements included are calcium, iron, molybdenum,
and nickel in A-horizon. ’

(b) With significant variance at the terrain level; elements
included are aluminum, beryllium, manganese, mercury, and
strontium in A-horizon, and aluminum, gallium, manganese,
nickel, silicon, strontium, uranium, and vanadium in C-
horizon.

(B) Elements with v equal to or greater than omne:

elements included are carbon, potassium, rubidium, sodium,
gsilicon, thorium, uranium, and zinc in A-horizon, and carbon,
calcium, potassium, magnesium, and rubidium in C-horizon.

(C) Elements with excessive analytical error:

elements included are barium, chromium, fluorine, lanthanum,

lead, niobium, phosphorus, scandium, vanadium, ytterbium, and
zirconium in A-horizon, and barium, fluorine, niobium, phosphorus,
scandium, thorium, and zirconium in C-horizon.

The elements of group A(a)l exhibit no significant differences
between either terrains or 100-km cells. A single grand mean and devia-
tion based on all observations is, therefore, the best regional estimate
of central tendency for those elements. The means, deviations, analyti-
cal errors, and 95-percent expected ranges for this group are given in
table 10. The expected range is computed following adjustment of the
gross geometric deviation (GD) for the analytical error (GE) as described
on the inside cover of this report. For data that were not logarithmically
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Table 10.--Geochemical summaries for elements of group (A) in soils of the

Northern Great Plains

[G, glaciated terrain; U, unglaciated terrain; elements of group A(a)
vhich do not differ between terrains are given only one value under
Mean, Deviation, end Baseline; clements of group A(b) which exhibit
significant differences between terrains have a value under G and U,
minimum number of random samples per 100-km cell

respectively; 0.,

needed to map regionel variation; n.d., not determined, n, is inde-
finitely large]

Soil Geometric | Geometric | Geometric | Expected 95% range n
Element Horizon mean deviation error (vaseline) r
G | U ¢ | U G 1 U

Al —eemeee- A 5.3 5.8 1.17 1.18 1.09 4.1-6.9 h.h7.7 T

c 5.3 5.9 1.22 1.22 1.06  3.6-7.8 L.0-8.6 7

B, ppm ---- A 4y 1.59 1.27 18-96 9

c L3 1.61 1.14 16-115 7

Be, ppm --- A 1.45 1.71 1.46 1.38 1.27 0.81-2.6 1.1-2.6 11
c 1.6 1.44 1.23 6Ll .0 n.d.

Ca -----w-- A 1.0 2.14 1.06 ~22-4.6 5
Co, ppm --- A 6.4 1.48 1.24 2.8-1k.3 n.d.
c 6.6 1.hk9 1.21 2.8-15.5 n.d.
Cr, ppu --- c 42 1.66 1.35 15-120 n.d
Cu, ppm --- A 19 1.64 1.31 8.0-43 n.d.
c 17 1.82 1.49 5.7-52 n.d.

Fe ~---cu-- A 2.1 1.4 1.02 1.1-4.2 5
c 2.2 1.%0 1.02 1.1-1.43 n.d.

Ga, ppm --- A 11 1.44 1.30 6.0-19 28

c 10 11 1.58 1.51 1.33  5.0-21 6.2-21 3k

Hg, ppb --- A 26 21 1.k0 1.79 1.39 22-30 8-55 7

c 27 1.74 1.12 10-80 10
La, ppm --- c 23 1.55 1.28 10-51 n.d.

Li, ppm --- A 19 1.40 1.06 9.8-37 11
c 21 1.48 1.13 10-46 n.d.
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Teble 10.--Geochemicel summaries for elements of group (A) in soils of the

Northern Great Plains -- Continued.

Soil Geometric | Geometric | Geometric | Expected 95% range n
Element norizon nean deviation error (veseline) r
¢ Ju G {u G | U

Mg ===eme-- A 0.66 1.67 1.02 .23-1.8 b
Mn, ppm]—'/ .- A 720 330 1.8% 2.76 1.81 570-910 60-1,700

c 4o 180 2.37 k.20 1.79 120-1,600 10-2,500 8
Mo, ppm --- A 3.8 1.68 1.57 1.1-12.6 9

c k.o 1.72 1.90 .87-18.0 n.d.
Nay """ c .85 0.33 0.034 .19-1.5 9
Ni, ppm --- A 18 1.46 1.26 10-32 7

c 22 18 1.bh 1.67 1.24 12-40 T-46 16
Pb, ppm --- c 15 1.7 1.329 b.7-47 n.d.
31?/ ....... ¢ 27 29 2.74% 3.59 1.22 22-32 22-36 5
Sr, ppm --- A 185 152 1.2h 1.54 1.18 140-244 68-337 T

c 236 192 1.2k 1.56 1.1h 168-381 82-kh9 6
m® A .25 .023 .019 .22-0.28 7

C .25 .058 .01k 14,36 32
U, ppm ---- c 2.2 2.81.k2 1.1 1.06 1.1-1.4 1.k-5.5 5
V, ppm ---- C 6k 50 1.45 1.43 1.18 33-124 26-99
Y, ppm ---- A 18 1.46 1.34 9.5-36 8

c 17 1.47 1.32 8.5-33 n.d.
Yb, ppm --- c 2.1 1.k9 1.34 1.1-3.9 n.d.
in, ppm?/-- c 59 19 7.7 23-9k n.d.




Calcium, A-horizon, percent

.57 2.6
I 1

42 1.8

1 1

.18 .85
Glaciated ‘?3 lrl 236
X

.18 1.1 2.6
Unglaciated | i‘ |

Iron, A-horizon, percent

1.7 3.5
I 1
1.4 3.1
l L]
1.3 2.5
I 1
Glaciated l'?"zgf"”%'s
1. 2. 3.
Unglaciated l3 if 15

Molybdenum, A-horizon, parts per million

1.9 6.8
' L}
1.3 4.4
{ 1
1.0 3.8
' L]
Glaciated 1.0 3%6 4.4
Unglaciated 1;3 %;9 6;8
X
Nickel, A-horizon, parts per million
14 25
' 1
13 24
' 1
11 22
¥ 1
Glaciated 15 18 24
X
1 2
Unglaciated 1% § ?

Pigure 14.--Duncan's classes for elements of group A(a)2 and
observed ranges of 100~km cell means for each terrain,

[X, terrain mean.
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transformed (where SD is standard deviation and SE is standard error
of analysis), the expected 95-percent range is computed as,

AM - 2(SDn) to AM + 2(SDn)

Here, AM is the arithmetic mean and SD_ is computed from the standard
deviation (SD) and the standard error ?SE) as follows:

[ 5
D = L (sD)? - (SE)ZJ

The elements of group A(a)2 are shown in figure 14 as the shortest
significant ranges (classes) for distinguishing among cell means accord-
ing to Duncan's multiple range test (Duncan, 1955). The array of cell
means for a given element has been grouped into classes, each with the
shortest significant range. That is, each class contains means that are
not significantly different from each other. 1In essence, the largest
value of the class does not differ from the smallest value. TFor example,
the mean for calcium in the glaciated terrain does not differ from that
of unglaciated terrain, but ANOV indicates that the means of 100-km cells
within each terrain are significantly different from each other. This
suggests that the measure of central tendency is best estimated by the
local cell mean. It can be seen in figure 14, however, that significant
differences between 100-km cell means do exist in unglaciated terrain
for calcium. Therefore, the terrain mean of 1.1 percent is the best
estimate for calcium in A-horizon soil in glaciated terrain, and local
cell means are better estimates within the unglaciated terrain, but with
the constraint that these cell means require additional sampling before
they can be viewed as '"stable' (because Vi is less than one). Because
maps of these elements would be unstable, the only useful summary based
on the data at hand is that for the entire area. Consequently, these
elements are summarized in table 10 along with the A(a)l elements.

The elements of group A(b) exhibit a significant difference between
terrains but no significant difference between 100-km cells within the
terrains. The best estimate of central tendency for these elements is
given by separate means, one for glaciated and one for nonglaciated
terrain. These means, deviations, analytical errors, and 95-percent
expected ranges are also given in table 10.

Elements in group (B) all have v_ greater than one, which indicates
that the means of 100-km cells are minimally stable estimates. The
geographic distribution of these cell means is presented in the form of
maps in figures 15 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>